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report of the secretary of the 

SMITHSONIAR INSTITUTION 
ALEXANDER WETMORE 
FOE THE YEAR ENDED JUNE 30j l&iT 

To tU Board of RtgeiUs of the SmUheonian ^ 

Gestleseev : I bare tie honor to submit herewith my report sho^ mg 

coaditio* »« a« SBithsonian laatitation .nd .U 

buxeaua during the fiscal year ended June 30, 104T. ^Hn 

12 give detailed reports of the operations of tie National Mu^m, _ 
National Gallery S Art, the National Collectaon of Fme 
Freer Gallery of Art, the Bureau of American Ethnolo^, tie Inter* 
national Exchanges, tie National Zoologic^ Park, 

Observatory, the National Air Museum, the Canal Zone Biologist 
SS, the llbnT,, ».d <A the 

the direction of the Institution. On page 162 is the financial report 

the escentive committee of the Board of Re^nte. founder 

The purpose of the Institution, as stated m the will of ite f^n _ , 
is *«the inSTse and diffusion of knowledge among men. ^ 
crease of knowledge is accomplished by means of scientific re^ 
rnTJxploration, the diffusion of knowle^ by its 
pnWiSiotis, its International Exchange 

Luerv exhibits, and Tarions otlier means. As the Institution oper 
^ Siefly through the bureaus that hays grown up aroimd it mb 
;^ lt^?fts earl/work, the years research and 
found recorded in the reports of those bureaus, partieu 6^^ ? 
rinnal hfuseum the Bureau of American Ethnology, and A^ro- 

A wmpfete «ou.t of tl. joart pablicoUooo 
pbysi^ O ^ ^ ediloriia di™ioii, oppondu 12. 

^td upon i. ih.««« 

second century of existence. At the beginning of a ^ ^ 

^tifying to^port that a large part of the normal 

Ii. i 1 . aT sMcnpiided durinz the war is now being resumeo 
work that had to be ?,“f, the firet annual account in 

^ ".“a V. b”u. 
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Is back to prewar levels, as is the number of accessions to the Mnscuin 
collections. The International Exchange Service has made large 
inroads into the peat accumulation of material for foreign exchange 
that built up during the war years, and the service will soon be again 
on a wholly current basis. 

The two greatest needs of the Institution as stated in my last report 
are for more personnel and more bn ilding space. New buildings must, 
of course, await more propitious cconoiinc conditions, but plans are 
already outlined and the future outlook is hopeful. Strong presenta¬ 
tions of the personnel shortage, particularly in scientific positions, are 
being made to the Bureau of the Budget and to Congress, ivith promise 
of relief in this direction also. 

THE ESTABLISHilEKT 

The Smithsonian Institution was created by act of Congress in 1846, 
according to tiie terms of the will of James Smithson, of England, who 
in bequeathed his property to the United States of America “to 
found at Washington, under the name of the Smithsonian Institution, 
an establishment for the increase and diffusion of knowledge among 
men." In receiving the property and accepting the trust, Congrcjs 
detertnined that the Federal Government was without authority to ad- 
mimater the trust directly, and, therefore, constituted an “establish¬ 
ment’' whose sUtutory members are “the President, the Vice President, 
the CJiiflf Justice, and the heads of the executive departments,'' 

the BDAED of KEGEStTS 

During the year the following changes occurred In the peisounel 
of the Boerd of Regents: 

January 17, 1947: Chief Justice Vinson was elected Chancellor of 
the Institution. 

January 27, 1947: Representative John M. Vorys, of Ohio, was 
appointed to finisli the unoipired term of Representative B. Carroll 
Reece. 

January 27, 1947; Representative Samuel K, McConnell, Jr.^ of 
Pennsylvania, was appointed to finish the unexpired term of Repre- 
BentatiTe E. E. Co5f- 

The roll of regents at the close of the fiscal year June 30, 1047, waa 

follows: * 

Chief Justice Fred M. Vinson, Chancel for j members from the Senafei, 
Alben W, Barkley, Wallace H. White, Jr., Walter F, George; mem¬ 
bers from the House of Representatives, Clarence Cannon, John M. 
Vorys, Samuel K. MrConnell, Jr.; oitixen members, Frederic A. Delano, 
Washington, D, C., Harvey N. Davi^ New Jersey, Arthur H. Comp- 
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ton, Missourij Vaiincvar Bush, Washington, D- C„ and Frederic C. 

Wakott* Connecliciit ^ . 

Proceedings.—Ths. Board of Eogents held ita annual mec^g on 
January IT, JS^T, with the following members pre^t: 

F. George. BopreacntatiTe Clarence Cannon, Dr. VsMeva^ush, D . 
Arthur H. Compton. Dr. Harvey N. Dads, Frederic A ^ 

Secietnry, Dr. Alexander Wetmore, and the Assistant Secretary, John 

^ Gru-f 

The Socrstary presented his annual report covering the '“titties 
of the parentZstitation and of its several J^anch^ T 
financid report of tho Ex^tivo Committee, for tM 
Juno 30,19i6, which was accepted by the Board. The 
authorising the expenditure by the Secretary of Ja income of the 
Institution for the fiscal year eoding Juno 30, 1048, was adopted y 

of Miss Annie-May Hegeman was merjioned 
as amounting in total to ¥300,000, being 

rarity, pending settlement of claim for sales commission on tho p 

“cta Aumt'w ?9« tt. .=t (PhOH' If" 

M Air »nd.r tl.. S^.h™.n 

Inarttudon. Onifer this art thsra is art ^ M ^j tbs Chief 

posed of the Commanding Genera * q Institution, 

li hW Ol»n.lbhS, 

and two citizens appointed by the Pr^id^ ^ ^ J jL Powera 
,f the Army Air desi*. 

to "P^”‘“ i PrrtidsDt, I” D««ml»r, 

natedRear Adm.H, B. „ StouL both well Tmown for 

appointed Grover Loening and Wi ■ . _ u^b pd Sabsa- 

theto rrork to sriation, as the ai^ Tdm'srtl^ to atoer daUea 

IdSrt^Mc^Sl^torJafStkeaaiaa^^^^^^^ 

srrMart“.s's:fpM 
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authorized by the act for a surTfiy, thia to cover the latter part of the 
fiscal year 1947, and the year 1943, and to include travel funds and 
necessary assistance. In view of the great growth in aviation the new 
agency is one of major importance for preservation of historical ma¬ 
terial in aeronautics, both for public display and for study and exam¬ 
ination by engineers and students of aerodynamics. 

Under Reorganization Plan No. 3 of 1048, which became effective 
July 18, 1946, the Presideut placed under the direction of the Smith¬ 
sonian Institution the biological laboratory known as the Canal Zone 
Biological Area located in the Canal Zone, Fanamfi. TVhen Gatun 
Lake was formed during construction of the Fauama Canal, the im- 
pounded waters flowed around hills that stood in the valley, changing 
certain of them to islands. One of these, which became known as 
Barro Colorado Island, was notable for its fine stand of primitive 
tropical forest, and for the animal life confined on it by the waters 
of the lake. On April 17, 192.3, Gov. Jay J. Morrow of the Canal 
Zone Set aside Batro Colorado Island as a reserve, and on it there was 
established a field laboratory at which investigators might live and 
work on scientific problems concerned with a tropical jungle. This 
laboratory has been supported by small contributions from various 
agencies, including Harvard CoH^, the University of Michigan, the 
Smithsonian Institution, and various others. 

So much valuable scientific work came from this laboratory that the 
Congress set it aside permanently as a reserve under the name Canal 
Zone Biological Area, in an act effective July 2,1940, as an independ¬ 
ent agency under a Board of Dlroctors composed of the Secretaries of 
War, Agriculture, Interior, and the Smithsonian Institution, the 
President of the National Academy of Sciences, and three distin¬ 
guished biologists appointed by the President of the National Academy 
as Chairman of the Board. In the process of mufication of govern- 
mental agencies, the Canal Zone Biological Area has now become a 
part of the Smithsonian, where it will be administered under the office 
of the SecreUry. Tlie reorganization plan abolished the former Board 
as the controlling body, but it has seemed desirable to continue this 
as an advisory board composed of representatives of the departments 
originally concerned, to secure desired support and cooperation for 
the activity. 

Barro Colorado Island has been the site of a wide variety of studies 
and tests under tropical conditions. Those under way at the present 
time include an ratensive set-up for testing termite-proofing of wood 
samples, tropical deterioration of plywoods, textiles, and packaging 
containers, and the effect of fungi on optical gloss. Biologists come 
regularly to the island to make studios of tlie fauna ond flora. Some 
400 publications have been issued on research cairied on here in the 
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fields of entomology, forestry, and mudicmo, with speoud reference to 
the control of termites, fruit ^ee, and mosquitoes, ^ ^ 

The annual report of the Smithsonian Art Cojnmia;ioa ^as pre¬ 
sented by the Secretaiy and accepted by the Board, The Commis¬ 
sion, at its meeting on December 6, 1946, accepted «Ter^ works of 
art, including 23 miniatures. A resolution was adopted to^lect 
the following members for 4-yeaT terms: Jolm Taylor Arms, Crifford 
Beal, and Gilmore D. Clarke. Vacancies on the com^ion wo 
caused by the resignations of Louis Ayres and Frank J, Mather The 
names of William T. Aldrich and Uoyd Goodrich, recommended by 
the Commission, were upproTed to fill the aboTo vacanci^ , 

lowing oEcera were reelected for the ensuing year: Chairman, Taut 

Manship; Secretary, Alexander WetmoroL 

The bill that was introduced in the House of Eepres^tabTes (H. K. 
2015 and H. Kes. 139,78th Cong., 2d sess.) for the relief of the estate 
of John GcUatly and/or Charleyne Whiteley Gellatly, hifl mdow, was 
referred by the House, mentioned sbove as House Ecsolution 139, to 
the Court of Claims to ascertain the facts and miike recornm^^tions. 
The Court of Claims in an opinion dated May 5,1947, stated ^at (here 
is no basis in law or in equity to set aside the pft 
basis in law or equity to allow a recovery in behalf of tho Gellatly 

The Secretary brought to the attention of the Board the proposition 
to request the Civil Service Commission to extend the provision of 
the Federal Classiacation Act to Smithsonian employ paid from 
trust funds. This proposal was approved by the Board under certain 

conditions. 

appropbiations 

Funds appropriated to the Institution for the fiscal year ended 
June 30,1947, totaled $1,632,912, allotted as foUows: 


Q^fiuena fldmifilstntlOEL 
Mne^uin- 


Bureau ot AmericM IJtlmoIosJ—- 

Astropbjrsica] Obeerffctfiry—- 
Nadoiuil CollEctloll oi jnne Arts-— 
IntematiDUfl-l Eidmnge SerTlce—--— 
aialntenfiJice opemtloti————*— 

——---- 

D nobl l«n ted------— 


m068 

(J7.S0e 

24.204 

ffiTJ.STT 

154*740 

^401 


Total- 


___ 012 


In addition, $883,920 was appropriated to the National of 

Art, a bureau of the Institution but 

trustees j and $432,500 was provided m the Disti^ of P" 

propriation bill for the operation of the National Zoological Park. 
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Besides these direct appropriations, the InstHution received funds 
by transfer from other Federal agencies, as follows: 

From the State Department, from the appropriation. Cooperation 
with the American Bepublics, liHT, a total of $1S9,5S9 for the follow¬ 
ing purposes: Operation of the Institute of Social Anthropology, in- 
eluding the issuance of publicaticins resulting from its workj publica¬ 
tion of a Spanish edition of Compendium and Description of tie West 
Indies, by Antonio Viisquez de Espinosa; and assistance in the pub¬ 
lication of the Handbook of South Americau Indians, 

From the Navy Department, $12,920 for scientiho work in the Bikini 
area in connection with Operation Crossroads. 

From the National Park Service, Interior Department, $91,500 for 
archeological projects in connection with Eiver Basin Surveys. Of 
this total, $64,500 was originally transferred to the Park Service by 
the Bureau of Bedamation, and $37,000 by the Corps of Engineers, 
17* S, Army. 

SMTTHgONIAN CENTBNNIAi 

In my last annual report I reviewed rather fully tlie features that 
marked the Institution’s one-hundredth anniversary on August 10, 
1946. These included a commemorative Smithsonian postage stomp; 
an illustrobed publication entitled “The First Htmdr^ Years of the 
Smithsonian Institution'’; a convocation and reception at the Insti¬ 
tution on October 23, 1946, to mark the occasion in a more formal 
manner; a public statement released to the press by President Harry 
S, Truman, who is ei-officio Presiding Officer of the Institution; and 
a Smithsonian Centennial issue of the journals, Science and The ^en- 
tilic Monthly. In addition, many leading magazines and newspapers 
carried fall accounts of the Institution’s history and achievemeiita, and 
this type of public notice of the Centcniiial continued well into the 
fiscal year 1947, 

It has been particularly gratifying to the officials of the Institution 
to receive on the occasion of the C^tannial so many lettere of con¬ 
gratulation from distinguished scientists and educators in diis country 
and abroad. It is satisfying to feel that there is a general recognition 
of the Institution’s earnest efforts to carry out its founder’s stipula¬ 
tion for “the increase and diffusion of knowledge among men,” and 
such recognition tends to stimulate greater zeal in furthering James 
Smithson’s purpose. 

FIKJJfCBS 

A statement on finances, dealing particularly with Smithsonian 
private funds, will be found in the report of tlie executive committee 
of the Board of Begjents, page 162. 
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THU3T FUNDS’ BSIPLOTEEB iNOLUltED i:NDER FEDEEiAl. HETUlEllENT 

gYSTEOdC 

For many years employocs of tha Institution hava hxn divid^ into 
two categories: The first, and by far the larger group, consists of 
ciTil-^rvico employes paid from Fedorsl appropriations; n ' 

now numbering some 35 employees, consists of employee paid wholly 
or in port from Smithsonian trust fun da. The fitat group, of course, 
has been covered by the Federal Kctirement System; the second group 
had np to 1939 no provision 'nhatever for retirement. Uu Juiy i, 
1039, the Smithsonian Ectirement System was put into effect to pra- 
Tide retirement benefits for those employees paid from trust fun^, but 
Ih, ar«tar of w«s » SBiU thst tto »yj™ oi.»Wo to 

oflor .TVjUmig liko u libor.1 beoeSts M tho Fedoml Syatois os 

am^ded in 19^. ^ * i 

During the fiscal year 1947, tho Civil Service ! 

HdvisiZit the inclusion of trust 

SvBtem. and pending a decision, the Board of Itogents of the I^itu 
tiS at its annual meeting on January IT, 194T, passed the following 

resolution: 

unda? Uiat eysteiD as pts^ntlj MuaUtnt^, iVc^ • « coD»t 

tniat toe B^prd cf Ecgenta of toe Smltospafna 
to the anpUenttoh of tbo Federal cltil-Mrvlce laws, tor ^ enritl*. nor 

Act ot 1923. OS amended, to eacl) oflk*ca aud roembeni poi tum _ 

to toe flppl [capon of any other law* which wo^ Ih aoy ^ j* 

of Bstabltfllmieat of toe Smltoaoatan lustltntlon approved Ufoa 

o. a,. ^ 

end taemhers of the StnlcbW5iilan Instltulion p^ it^j uk of toe tnaiU 

under tho meral Detlmwcnt Sjotem. approve to ™ ^ 

now held lu the BmlthBcnlen Bethvuneat 

quesPon, to aecnre for said eauploj eea too ma ^ t^ithaonian InsUtotlon, 

Ui^ pinna to carry this mto eneett wi u vy 

Commlti^p to ffhtcli Li flven foU pcwcf to act lo 5 

A decision was reached by the Commision on 
22 I sent the following memorandum to the mem 
sonian Retirement System: 

The avU Service ScTiIrtlto 

BmitlisoiiUm employert Pft'd tow ««« accordaoco with the ap- 

tncinalon aodw the Federal ih.«^iih RetIromeDt System la thwefore 

pmval of toe Board of Ras^uta, ni«far aa It 

ohollelied. ctfeu™ at the close of traalueso M.> 1-. 1«1. ^ 


t7T4SS—4S-a 
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oilectH pflTments to meinberff La ouiiuLt? atmtns OG tbat dAte, wblt^ pa^mebta 
wUJ be CQnLlDoed by the InatltGUon bs prorlded by the Betlreioeiit 

Syetem, 

Be^DDlng May IS. l^T, letlrtineiit doductlonB from the pay of the Smiths 
eoDtai] eosployees In ai^esUoD wUI be made nt the rate of h percent (tb® rate of 
the Federal Bottramaat System) Lcatcad of ab percent (the rate of the formef 
Smltbsonlaa BeUremcnt SyBteni}* 

AdJuatment for beclc tJnte od behalf of die indtrldaBl members of the Smith- 
soalaa BeUrcmeDt System wJD be determlued with the appmvid of the executive 
c omm ittee, as provided by resoiutloD adopted by the Board of Eogeats on Jnnimry 
IT, l^T. 

On June 30, the last day of the fiscal year 104T, t submitted to the 
executive committee of the Board of Regents a detailed recommenda¬ 
tion regarding the convereion to the Federal Retitement System, so 
that final action on adinstment for previous service will be deferred 
until the next fiscal year. However, all employees of the Institution 
are now on the some footLiig as to retirement benefits, thus remedying 
a dtuation of long standing. 

VISITOBS 

An increase of 237,784 yisitora to the Smithsonian hutldings was 
recorded over the previous year, the totals being 2,353,377 for 1947 
and 2,115,593 for 1946. August 1946 was the month of largest at¬ 
tendance, with 318,325 visitors; April 1947, the second larg^ with 
298,724. A summary of attendance records is given in table 1: 


Taolb 1. —VifUoft to <Ae iSmiilAnmMa bttUJinft during ntv tiuItdJunoSO, ld47 



Smiiluacv- 

IhiBMe. 

JkXUKld 

lodiHtrlci 

UUii. 

NiEnnJ 

filWir? 

BMr. 

Alrastt 

cut 

frtir 

OtHwy 

1 QfArt 

Totei 

ttiA 

JnW- ___ 

^2&i 

i^lBl 

nioa 

11^ IW 

SB,m 

skm 

fti Mg 

AfU. 1 

ffi Bii 





11^ HJt. 

A&ft 

7, Hi 

ZSfi.Ljn 

suiia 

in;2?B 

151+034 

e7+4S 

flifiliiintiM- ..... 

UJO 

11^ 531 

144^ 

lAW 

ft. idi 

Ootober—. ... 

KalrAmliM' .. 

aniA 

aBOi 

Dwmbw._ _ 




94^ S£3 

7,m 

n,m 

iKm 

lfL38A 

03,037 

am 

u,m 

a 114: 
13T,»5 

11417ft 

4121 
40SI 
7,l9a 
14754 
11, KU 

liK3,i1H 

S7 

3^375 

»4«4 

. . 

aLXB 
3T tftj 





m 

41 £rd 

_ _ __ _ 

rkv 

Al+ BUb 

To4bL__.... 


m,m 

1 

iTx iw 1 

I 

3, man 


■ Not iMtiMint laM) poniu AUMdlog OMltan olUr 4:30 p. m. 


PHOTOGKAPHIC I-ABORiTOBI 

In connection with the research and exploration of the Institution, 
thero is involved a large amount of photographic work which is han¬ 
dled for Uio Institution and its branches by the Photographic Labora- 
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tory, located iu the Arts and Industries Building of the National 
Miicuin- To show the quantity of work produced I wiU give a few 
etatistiee: Negatives made, 2,443; prints, 14,521 ^ enlargements, 2,^, 
lantern slides, 264; doth mounts, 174; also a amaUer munber of other 

types of work invoiving photographic pmces^ 

In addition to the routine operations of the Inboratorj, the sUfl 
spent considerable time in assisting scientists of ^e fcstitution m ob- 
taming photographic Ulustrations for their puhhcatio^, as well as in 
aiding representatives of other goveimmental agancres mid private 

individuals in their search for needed photography 

The photographer in charge served as the Institution s rcprea^ta- 
tive on the photograph supplies oommittee, Federal S^cificatmns 
Board. He attended monthly board meetmgs and oondut^ special 
investigations for varioiiB subcommittees of the Board ^ 

resenting the Institution at the annual convention of the ^^ologiu- 
pheis’ Atsociation of America in Chicago, die photo^pher m charge 
dsited the Chicago Natural History Muaeum m the search for im¬ 
proved methods of photographing art objects, silverware, and glaes- 

™The greatest needs of the laboratory* are a complete catalog of Bb 
prints,fTlhat the large and valuable collyhion of ne^tives would^ 
mote readily accessible to the Institution s staff as well as to tlie g^- 
eral public; certain items of modem photographic equipnwnt; and the 
attidg up of a room to be devoted to color photography. 

bchdlnqs and equipment 

BevidTt oZferfiiiow.-Among important proje^ in connection 
withX several buildings, the foUowing were completed during the 

^Tiiithsonian Building: The metal finiab on top of the nortbe^t and 
southeast towers were removed and new copper Bnials were msteUed, 
removal of the wooden louvres on four sides of tie flag tower (be^ 
in 1946) was completed and new copper louvres were in^Ued m their 
SaT he rooms formerly occupied by the prop^ty clerk were ^s- 
Smtled and converted into addiUonal space for the a«ountmg office. 

Arte and Industries Building : Provision was made f« 
for the National Air JIuseum by partitioning off room 30, 
occu% by the division of engineering; major alterations and re^ 
^ tn th^ southwest and west south ranges to provide eihibit 

for tl» Sition of miu.af.«m« fod th. of 

tZ thJ Norioool Air MuKum); a photograph,c r;»>m ™ roo- 

omoud in tho EOClion of photography i tt* «>» a""* **"“ 

W,™ repairri and ropaintod and all oihibit ra«a war. rorarmah*!. 
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Natural History Building; All alcores in thfi foyer, irliere all 
special exhibitions am held, were re-covered with monks cloth and 
all exposed wcmdwork repainted; to proTide storage and working 
space for the coral collection, a section of the second floor at the 
northwest comer was remodeled, including changing partition walls, 
erection of a gallery, and painting of walls, ceiling, and storage 
cases. 

Freer Gallery of Art: The photographic studio and dark room 
were constructed by remodeling a section of one of the existing stor¬ 
age rooms. 

Heal^ liyhi^ ofwi poicer.—^Biectrlc current used during the year 
amounted to 1,664,710 kilowatt-hours. This figure represents an 
increase of 120,571 kilowatt-houre over 1046 despite the “brown¬ 
out’' during the period November 23 to December 9, 1946, for the 
purpose of couserrlng coal during the miners’ strike. Eowover, 
tiiis increase is not considered excessive because additional fixtures 
were added and other improvements were made during the year. 

Steam consumption was held to the absolute niinimum require¬ 
ments during the year, and despite the fact that heating temperatures 
were reduced 5* twice each day during the period November 23 to 
December 9, 1946, steam consumption increased 1,502,900 pounds 
over 1946. This increase was due to lower outside temperatures dur- 
ing the heating season. Total steam consumption for the fiscal year 
was 54,902,700 pounds. 

lee prodteetion. —^The Smithsonian ice plant produced 186.7 tons 
of ice at a cost of $1.16 per ton, exclusive of labor. The plant was 
closed down 10 days during May 1047 for overhauling. 

Fire protection ,—^The fire hose, couplings, nozxlea, and hose racks 
puixhased during fiscal year 1046 were received and installed in the 
Smithsonian Building. Plana have been m&de to install a central 
control station for valving the standpipe lines in this hntlrUng dur- 
ing the fiscal year 1948. Infections of apparatus were made each 
month, and all soda and acid extinguishers were discharged and 
recharged. 

Bespectfullj submitted. 


A. WwnfOEe, Secretary, 
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REPORT ON THE UNITED STATES NATIONAL MUSEUM 

Sir* I have the honor to submit the following ttport on the condition 
and operation of the United States National Museum for the fiscal 
year endfid Juis^ 30j 104T, 

COLUfiCTlONS 


Nearly 757^000 specimfeOB^ about twice many as last y^r, c^me to 
the Museum’s collections during the year, these being divided ^ong 
the various departments as follows: Anthropolo^, 9,446; biology* 
533,098; geology, 205,543; engineering and indiistrie^ 5,239; history* 
3,539. Most of the accessions were soquired as gifts from individuals 
or as transfers from Government departments and agencies. Ihe 
complete report on the Muscuni, published as a separate document, 
includes a detailed list of the year's acquisitions, of which the more im¬ 
portant are summarised below. Catalog entries in all departments 

novT total 19,561,072. ^ ± 

AniJiTO;»?o^y.—Archeological matonal came from many parts ot 

the world, especially noteworthy being about a bimdrcd items from 
Adak Island in the Aleutians; nearly 1,600 specimens from Itont- 
Eomerv County, Md.; a tripod bowl from a ruin near Oa3WM, Sleiico; 
2 earthenware bowls from the Taino site of La Caleto, Province of 
Truiillo, Domidicim Republic; 2 Roman or Franko vessels from 
Speicher, Germany; and 14 stone impleraenta and fragments from 

T.p rimpr CouHtyi Colo. , . m 

In ethnology, the years accessions included wllecrtons from the 
North American tribes of Alaska and the Alentians, Esistcrn Wood¬ 
lands, Great Plains, and the Sonthwrat; the Indian tnl^ oniisioo, 
Panam4. Vcnesuela, Colombia, Bolivia, and Bi^il; the Oceam^ 
peoples of Hawaii and New Guinea; the abongmal trib« of Australia; 
Se Indonesians of Java, Sumatra, and Bali ; the Asiatic ^ples of 
India and ifongolia; and the African tribes of the Belg^ Congo and 
neighboring parts of West Africa. A collection of major ly 
was received as a result of the bequest of the late Prmce® AJngeil W. 
Kawananakoa of Honolulu, comprising a well-documented group of 
masterpieces of Hawaiian handicrafts which were 
Hawaiian royal family, A valuable collection of American historical 
Staffordshire china was received from an anonymous donor. 

ll 


12 ANNUAL HEPOJW SldlTHSONlAN INSmuTION, 194T 

The iQost unusual accsEsicm m physical anthropology consisted of 
unpublished anthropomctnc and other data collected by Gennau 
authropologists in Poland during World War H, together with soma 
of their anthropological meoHiirlng instrumcnte. The data had been 
assembled for the Institut fur Deutsche Ostarbeit and were trans¬ 
ferred to the National Museum aa a permanent loan by the War De- 
parUnent. The material includes information on S56 UhrainiaiiB, 
1,466 Poles, and 163 Huzuls, with full measurements, photographs, 
and personal, medical, and family histories of each subject. 

Siotoffif .—^The most important mammaliaa accesdon was a series of 
about 600 glass slides of sectioned baits, collected and presented Ijy 
Dr. Kfld Dearborn, expert on fur-bearing animats, who has made a 
special study of mammalian hair. The W. L. Abbott fund made 
possible three noteworthy atian accessions: 1,768 skins and skeletons 
of birds from Colombia, collected by M, A. Carriker, Jr.; 463 bird 
skins and T skeletons of Panama birds, collected by Dr. A. Wetmore 
and W. il. Pertygo; and 556 birds from India, collected by S&lim Ali. 
Also from India came 1,500 bird skins resulting from the Smithsonian 
Institution-Tale XJnivereity hixpredition, containing many forma new 
to the Museum. Foremost among tho year’s herpetolugical acquisi¬ 
tions were 25 rare Brazilian frogs, 112 reptiles from Bikini, and 6 
senes of reptiles and amphibians from Colombia, Bolivia, Haiti, and 
Guatemala. 

Two large and outstanding collectiona of fishes were received as a 
result of the Smithsonian’s participation in two federally sponsored 
projects—about 88,700 fishes (representing over 800 species) taken 
during Operation Crossroads at Bikini and in the northern Maishall 
Islands by Dr. Leonard P. Schults! and Capt. Earl S. Herald, and 
28,000 Guatemalan fishes obtained by Associate Curator Bobert R 
Miller in continuation of the surv^ of the fishery resources of Guate¬ 
mala begun last year under the auspices of the Guatemalan Gkivem- 
ment, the United States Fish and Wildlife Serrice. and the Smith¬ 
sonian Institution. The Pacific material, because of its extent, will 
make it possible for the fii^ time to make a study of anatomical varia¬ 
tions among the various Island fish populations, while the Guatemalan 
material is one of the best oollecttons of fresh-water fishes ever made 
in Central America. In addition, smaller but important lots of fi ffbAs 
came from Argentina, Baja California, Cuba, and the Tropical Pacific, 

About 12,000 insects, in three accessions, came to the Museum as a 
direct result of the war: 1,500 from the Philippines and New Gninea, 
collected by Carl O, Mohr; 4,500 from the Philippines, collected by 
Dr. Frank M. Young; and 6,000 mosquitoes, resulting from the in¬ 
vestigations in the South Pacific by the Naval Medical Besearch Unit 
No, 2. Another large insect accession was the gift of the H. G. Bar- 
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bcr coUection of Hemiptera, amounting to 35,000 Bpecimens and in¬ 
cluding some types and parutypes. OOier important entomologi^ 
material included oTer a,600 insects from Colombia, coUect^ by 
Curator E. A. Chupin in 1946; about 2,000 insects rt)llected by Dr. 
J. P. E. Morrison as a part of Operation Crossroads biological investi¬ 
gations; nearly 400 aquatic insects collected m Guatemala by I>r. 
Kobert R. Miller; about 16,000 Bpecimens of Mexican and Canal Zone 
insects collected by N. L. H, Krauss; and 05,000 specimens transferred 
from the TJnibed States Department of Agriculture. 

A great variety of marine mvertebratea vtAS received but the largest 
accession in this division was the of the Horton H. Hobbs pnv^ 
collection of crayfishes. Comprising about 11,000 specim^ it m by 
far the most important series of these cruEtaceans aver coUected iroin 
the southeastern United States The Operation Crossroads investi¬ 
gations yielded over 8,000 misceUaneous marine inve^brates from 
the Marshall Islands. A desirable personal collection of nearly 
3 000 worms and crustaceans from various localities came os a gift 
from the collector, Leslie Hubrichti The type coUection of Foram- 
inifera was increased by 706 slides, bringing the total m this col¬ 
lection to 10,640 slides. In the division of molluska the largest and 
most important of the year's aooaasions comprised about 200,000 speci¬ 
mens collected by Associate Curator Morrison in the biologist recon- 
naissancs of the Marshall Islands in connection with Operation Cross- 
roads. The Naval Medical Research Unit No. 3 turned over to the 
Museum 25,000 specimens, mainly of land and freah-water moling 
from China, the Philippines, and the Marianas. Dr. A. R. Locblich, 
Jr., now a member of the stafi of the department of gieoiogy, donated 

1,200 marine shells from Okinawa. 

Acc^ions in the division of plants (including diatoms) aggrega^ 
nearly 44,000 specimeius, from many parts of the wor^ About 4^W 
plants came as a result of Associate Curator Morton’s botanical feld 
work in St. Vincent, Lesser AntiUes, a region heretofore but swntjly 
represented in the National Herbarium. In transfers from the United 
Stetes Department of Agriculture, the Museum received 6,500 grasses 
from Brazil, collected by Jason R SwaUen, and 1^00 specimens of 
bamboos, collected by Dr. F. A. McClure. Several other large lots 
came from South America, the West Indiea, Japan and Formosa, 

the South Pacific, and several parts of North Amern^ 

department of geology received ateut tunes as 
many specimens as last year, this increase being due bii^ ^ * 6*^“ 
influx of invertebrate fossils to the number of about 200,000. 

Additions in mineralogy and petrology were somewhat fewer tliim 
usual, though gifts, exchanges, and purchases brought some fine new 
minerals, gems, and metoorites to the ooUectiona Twenty-one me r 
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itea not ptoviously neprtsantod in tho Mtiseum were received during 
the yean Forty-ionr miiieral apcoiiQen& were purcb&scd tkroogb the 
Canfield ftind. 

Collecting trips by Dn G. A- Cooper and Dn A. B. Loeblich^ Jn, 
yielded over 36,000 Paleozoic fossils for the invertebrate collections. 
Several gifts received were important in helping to fill the stndy series 
in Invertebrate paleontoiogy and paleobotany. Among these were 85 
Mi^ssippian anunonoids from ArkansaSp mimerons Lower Pemnian 
fipeclmeDS from Xew Merioo, extensive csoHectJcma of Middle Devonian 
invertebrates, excellent Eocene echinozds from Florida, 120 blocks of 
Cambrian and Ordovician limestone with choice sillcificd brachiopodB 
from the Arbuckle Mountains^ 27fi Tertiary fossils from Florida, ex- 
tanalvfl sets of Paleozoic and C'retaceous inverterbtixtes, including many 
micro-organiams and bryozoans, 375 specimens of unusual Cambrian 
and IrfOwer Ordovician fossils from Quebec, 4,000 Upper Devonian 
fossils from New Mexico, and 2,000 Paleozoic invertebrates from 
Virginia, and a similar collection from Georgia^ 

Resumption of field work following the war also brought increased 
material to the division of vertebrate paleontology. Outstanding was 
the discovery in one block in the Bridger Eocene beds of the skulls 
and portions of the skeletons of two unusually large rwients of the 
genus Pdfiwnryj, Among other rarities in the season^s finds were jawa 
and skeletal parts of the artiodactyl ffflToAjw, about five examples of 
the minute insectivore and remains of the marsupial 

Perutheriufiu Other additions to the Bridger collections made by 
DCh. U ChLzin were skulls of the large siX’^homed mammal Uini(i^ 
tAeri^utiiy the titanothere and the rhinoceros UyrachyuA* 

Among the materials transferred from the United States Geological 
Survey was a nearly complete akuU and Jaws of a Triassic reptile, a 
phytosnur, from the Petrified Forest of Arizona. 

£nffin£€ri7ig {end indmtne ^.—In the division of engineering an out¬ 
standing accession was the motor tricycle designed and built at Pitts¬ 
burgh in 1S&7 by Louis S* Clarke, automobile piDUeer, and claimed 
to be the first Autocar. Several ^ip models received enhanced the 
watercraft collection. Two accessions in the field of microscopy are 
of unusual interest : The curious raling madime with which Charles 
Fiuioldt, in the mid-nineteenth century, produced the ruled slides and 
gratings prized over all others by many well-known microscopistsi 
and a group of microscopes and accessories collected by the late Dr. 
Richard Halsted Ward, first president or the American Microscopical 
Society, and his son, the late Dr. Henry Baldwin Ward, para^itologwL 

A hi^rically important acce^ion in the division of crafts and 
industries was one of the two original rubber ntosticators developed 
by Thomas Hancock in England prior to 1836* The machine was in 
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continual oso m rubboc manuiactu™ in England for 
years. To the Ecttion of teitiles there came many 
^ples of new fabrics and fabric appbeatioix ^d 
the manufacture and uses of nylon. In wo^i 

woods wer^ reefii^ed fts an eich^ge from the i orest Products Besea^ 

Dritata, »S ot Uv™ 

to th. coltetiom. to .ddita, 182 w«.d ■P™“7 ™ 

toceiwd from ti. Se» York State CoU.b« «( r»"«7 
.„i<=n,gtopMc ptmte of teotiooa of topan<«o woodo froo. Iho War 

“to lirS^ioil of graphic orte tho ooteble 

was a mkroengrevhifi machine capable of en^avmg the Lord B P«yw 
TSliilSO times a isquare-inch area. Thxa miraculous 

liTXTted h, tholo. J. c. Crowford ate Ih. onpool to^o. 
to^^by W. Potete to Loodoo io 1852. Ootetandteg pi»« of 

17oopitoU«,oipteoottoo.i^•odtoolud«la60-te-n.<^«te.^^^^^ 

in 1B93 bv Georce Demeny of France and manninctured y 
InrcfarTund 1896; a l6-mm. Bell & Howell gun-type camera 
adopted and used by the Navy to ^oU>graph_tbe 

w't'Mt^oitvriM^ttx^rnT.tod 

wSpoioted PfoiKte SiatJ «!•« oo^tivos taloo "> 
teenth tsentury by the photographer Robert Stead and 14 
dides taken by the pbotograpiier Titus B. Snoddy, Sr., 
toXo Museum. Five moro etebod ooppor pl.teo -oe™ .dd»i to toe 
rti.rlM W CableteOD group for prtotmg under too Dahlgtwn 
WoY'toteS^a^ deoirtole oddirtono men, «tee .«i for ^ 
dirioion of modlctoo iuid publio bealto, too moat ™'““7 J' 

"^n“tor"MSe™”te found tooir w.j to toe oeroooutiool oolW 

tea, tba most outatending to point of biatonc 

aouSuon of pa^ S TX^t 

rdtS;s:ts‘aSJati^«S«i»- ^* 7 —« 

taSnt aacassion. A aoriaa of 82 totereymg ^leWol l^rld 

Wot n oirplanas mare tranafe^ from ^ a^ P» 

other mrareft modale racairad n-ar. of an Afto-l Boll Amanont 
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BMde bj Leroy McCallum, an F-6~F Gnimimti “Hellcat” made in the 
Navy Dciinrtraent, and a. rotaiy-winged craft named ‘‘Hiller-conter’' 
made by Stanley Hiller, Jr. 

Several interesting additions mado to the costumes col¬ 
lection incliide a waistcoat and knee breeches of mauTo satin and a dark 
blue and white silk waistcoat worn by Simon Serre in Cette, France, 
as a page hoy about the mid-eighteenth century; a child’s dress and 
pair<^ shoes of about 1830; a black silk dress of about 1860, a trousseau 
of 1875; and h white satin dress worn in the White House by Mra. 
John Quincy Adorns during her husband’s administration as Presi¬ 
dent- Added to the mtlitaiy' collections were early nineteenth-century 
diapeaux, epaulets, sash, coat, and trousers; a United States Marino 
Carps officer’s a^vord of die early part of tho present centuiy; and two 
Chinese scrolls that had been presented to Gen. James H, Doolittle in 
commemoration of the American air raid on Tokyo in 194S. From 
the White House there was transferred a historic pa^nger elevator in¬ 
stalled in 1902. The numismatic collection was increased by SO speci¬ 
mens of 1946 United States bronze, nickel, and silver coins and by 400 
pieces of Germ an paper currency of the World War I period. About 
3,000 stamps were added to the philatelic collection, about 1,300 more 
than last year. Of particular interest was a sheet of 60 3-cent Smith¬ 
sonian Centennial commernoratives, formally presented to the Distitu- 
^ Post Office Department at a special ceremony on August 10, 

£XFLOBA7lQ3r ANU ntLD W'ORK 

One of the most encouraging phases of the Museum’s work during 
the year was an opportunih^ to resume field work, interrupted bv the 
war. 

Under a grwt from Emert N. May, it was possible for the curator 
of eUinology, Herbert W. Krieger, to renew investigations of fifteenth- 
century histone Indian village sites and some of tho early Spamah set¬ 
tlements in the Wert Indies. This Caribbean program developed from 
an eorJicr AntiUeau project sponsored by the late Dr. W, I* Abbott 
which began in 1326 and was terminated in 1938. Dr. Abbott’s inter¬ 
est WM around by the earlier discoveries there by W. H. Gabb in 
1869-71 of kitchen middens containing deposits of animal bonra and 
atonginal potte^ fra^neats. While engaged in the development of 
the emnnng Smithsoniaiii project for the excavation of these cave 
^(Idena a^q of other formier Indijin village sites in tha Greater An- 
Giles and in the Bahamas, the need become apparent to the curator 
for a chronological culture-trait analysis and for a more complete ori- 
^tation M to the l^Gon of historic Indion village sites, and also 
for 0 study of Spanish settlements associated with the early co l o nial 
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period of the area. The cooperation of scientists and the govenimeiits 
of the Bahama Islands, Haiti, Cuba, and the Dominican Kepublic was 
readily obtained in the carryi ng out of the details of the project From 
January 16 to May 5,1947, Mr. Kcleger visitod and made test escuva- 
tionB at Indian Tillage sites referred to by Christoplier Columbus m 
the loumal of his first voyage of discoTCry, Mr, Krieger also ewm- 
ined the probable site of the first Spanish BeUlement, that of tlie ^ilors 
of the wrecked Sonia Mona at La Navidad near the town ^ap 
Hartien <m the north coast of Haiti. lie Inter reTirited La 
th^ first plsmned Spanish colony in the Western Heni^here. Ih« 
ruins of the atone buildings of tlie to'c^n are still visible although 
most of the stone walls of the large warehouse, church, fort, and other 
buildings ha¥e been removed to the city of Puerto Plata, where they 
have been used in tlie oonstmetion of modem buildings. 

During the first 2 weeks of August 1946 Mr. Krieger attended, as a 
delegate of the Smithsonian Institution, the First Intcmatiodal Con¬ 
ference of Archeologists of the Caribbean, which was convened u^cr 
the auspices of the Govemmemt of the Bepublic of Honduras. The 
plenary sessions of the conferenoe were held at the capital city of 
Tegucigalpa, but as the work progressed meetings wem held most 
pleasantly under towering trees at the miua of the eighth<entiiiy 
Maya city of Gopan, on the stone seats of the “'ith section 
Court of the Hieroglyphic Stairway. Ample facilities w‘ere provided 
by the Honduras Government for the attending delegates, 60 )n n^- 
her representing 14 American Bepublics and 36 educational end ecie^ 
tific institutions. Visits were made by airplane to widely wpevated 
sites where the prolific reinBins of Maya and other aboriginal cultures 
are stin visible in the form of pyramids, tnomida, and ruins of aban¬ 
doned Indian villages in the upland valley® of western Honduras. 

Tlie late Dr, AleS Hrdli^ka, formerly curator of physical antUre- 
oology. had planned to visit Guatemala in December of 1946 to take 
tmd aterTation, on the HiEhland lUyn, bat died 
in September of that year. Dr. T. Dale Stewart finally undertw 
this work during the first 3 months of mi under a grant fr™ 
Department of State and in cooperation with scientists from Guate- 
tuaia and the Carnegie Institution of Washmgton. In addition re 
studying the living, Dr. Stewart eiamined also the available pre^ 
topic skeletal remains, especially those recovered from the arche<> 
logical sites known as San Agustin Acasaguastlin, Kaminaljuyu, and 

^'*The ^in objective of Dr, Stewart’s trip was to obtain information 
about the living Highland Maya which would en^le him to mi^c 
comparisons with the Lowland Maya of Yucatin. These two greu^ 
although rather widely separated gpographicsilly and exhibiting 
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fereiLc^ in material culture^ naTfirtheless belong to the same linguistic 
stock. This linguistic stocky moreover^ is remarkably homogeneous. 
Since langUEige is fairly resistant to cbange (more so than materlaJ 
culture)^ considerable interest attaches to the question whether this 
linguistic homogeneity reflects a similar status in physical type. 

Dr. Stewart undertook the collection of data that would supplement 
those already available and at the same time allow their fuller inter¬ 
pretation. Since in Guatemala the mimicipio^ being endogamouSj is 
the basic unit for ethnic atud}% he restricted his study to two municipios 
within the Cakchiqnel linguistic subgroup. First at Sololi in the De- 
partment of Solohi^ then later at Patziln in the Department of Chimal- 
tenangOj he secured comparable series of males—82 to 72^ respec¬ 
tively—and at Patzun, a series of SS females. Altogether this is the 
largest series from one highland linguistic group thus far studied. 
In addition to the routine anthropometric measurements^ ohserva- 
iiotis, and photographs^ the records obtained this aea^n include blood 
group (A* B; M, If), taste sensitivity to phenyl thiocaebamide, paini 
and finger prints, and hair samples. In view of the success of this 
first season, it is hoped that the experience thus gained can be utilized 
for the extension of these observations elsewhere. It is important, for 
example, to leam also to what extent in the highlands the barrier of 
language ie an aid in the formation of physical types. Furthermore, 
if the records are made by one obsarrer, they wdll be more uniform and 
less subject to multiple personal biases. 

Upon his return from Guatemala Dr, Stewart was detailed to stop 
over in Mexico City in order to examine the recently recovered skeleton 
of Tepexpan man. This important skeleton j found in what is consid¬ 
ered by paleontologists as a Pleistocene stratum, may represent one of 
the most complete skeletons dating from thia early period in North 
America. Subsequent to his visit the entire skeleton has been brought 
to the United States National Museum by Sefior Javier Romero, w ho 
is to work with Dr. Stewart in the restoration and recouatruction of the 
skeletal parts. At the close of the fiscal year some progress has been 
made in the restoration of the facial bones. 

Dr, Waldo Rv Wcdcl, a^ociate curator of archeology, was on detail 
to the River Basin Surveys and in charge of the Missouri River BoBm 
Survey from July 8 to October IS, 194G. He left Washington May 20, 
1047, to resume this work. Joseph R. CaldweU, scientific aid, like¬ 
wise WAS detailed to the River Basin Surveys from November 12, IMG, 
to April 1,1947. (See appendix C for details.) 

ifcmbcrB of the staff of the department of biology participated in 
several important expeditions and a number of smaller field trips, aU 
of which returned valuable material to the collections. From other 
expeditions in which the Museum perflotmd did not take part but 
which were financed by the Smithsonian Institution or private con- 
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tributors. many additional Epecimans wer« Wved. 
th6 pjipeditiona was Operation Crossroads under tbe auspio® of tha 
Navy W tta nortian. Matsball latada and BW 
Taking part in th« biologioa! investigations oi this operation »“'• "P" 
^tfng the Sraithionian tnetitution srera Dra. Lranarf P. SeIrfB 
and J P. E- Morrison, curator of fishoa and associnte curator af 
Inla.rasptotively. and Capt. Earl S. HeraU, rtoae 
rwiuested from the Army to rdieve Dr. Schulti. 1^ ^ 

t^ed to Wasbineton by plane on July £2, hairing left Wnahin^ou on 
r^dT™ pSr/w. CaptainHerald ratarnrf to Wash^gton 
in nSd-SeptSiber. As icbtbyologista, Dr. Schulu and CapUm Herald 
were eapedally concerned with the relative abundance of 
reefc anTin the tidal zone before and after droppmg the espenmeutol 
In connection ^th the investi^tion 
over aSsOOO specimens for study and for the national collections Dr. 
Morrison, who left Washington on February 20 and 
^3 Gave bis attention to both the vertebrate and invertebrate animal 
iifa cf thraroa, oacepting tho fish. Ho obtaiurf sp«™.us and d^ 
concerning the arboreal, terrestrial, and intertidal animal 
ties and ^pularions. Particularly complete iv^ ^ 
frequenting Bikini and the collections of mollusks of this and other of 
ShtahaU Isicud. graup. On Jen. 28, 1947,9 days ^ 

Cfthafiacalyrar, Dra Schnlliand Marnson ac«iinpara«l byPedenck 
M, Bayer, assistant curator of marme invertebrates, started o 
tarn trip to Bikini for a reeurvey of the faunal elementa of the area 
with which they were particularly concerned. *™«i= 

In continuation of the survey of the fishery re^ur^ of G^^tem^a 
begun last vear under the pint auspices of the Guatemalan 

i,?l trip to St Tincent, British West 

survev of that island with funds generously provided by ^eet M^. 

of Wilmington, Del. AUbough St Vincent 

tt has been relatively neglected by collectors. Owing 

tatau. «rrai.u thcra is stdl . K«.t d„l cJ du.<.ucW 

which provided ideal conditions for plant collecting. Mr. 

obtained 4,800 specimens on which he plans to base a check i 

W^A^tt partire during 

eX^Ch^t^. compitary to those already 
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ooTOTied preTTously, abtaining 1,758 bird akuiB; Silim Ali of Bombay 
coHectiog birds in Gujerat and odier areas in India, supplementing 
the work of the Smitbsomati-Yflle University Eip^ition to India 
and obtaining 666 birds; and Dr. A. Wetmore and W- Uf. Penygo 
making a rather ^ort trip to the interior of Darien, Panamil, and 
returning with 453 bird skins, beautifully supplementing collections 
tnsde last year by the same collectors in adjacent areas. 

The Smitlia^nian Institution-Yale University Expedition to India 
under the direction of S. Dillon Ripley, assisted by E. C- iligdalski, 
spent 6 months in various parts of India and in Nepal and made a 
coU^ion of appro.riniateIy 1,500 birds, which added very sienifi- 
cantly to the Museum’s resources in the Asiatic field and will be of 
great scientific value as much of it com^ from old classical type locali- 

Foster D. Sniilit the Socony Oil Co.^ Cftiixcas, Venezuelsj returned 
to Yenesuela early in the fiscal year and will agam collect birds for 
the Museum as time and opportunity allow; no reports regarding hia 
present efforts have yet been received. 

Locally, in connection with a biological survev of the Patuxent Re¬ 
search Refuge maintained by the Fish and Wildlife Service, Emery 
C. Leonard, associate curator of plants, carried on field work on the 
lower cryptogams, spending 6 days on the project and collecting about 
800 specimena This work will be continued during the coming year, 
the collections to serve as a basis for a report on the ctyptogamic flora 
of the refuge. During August 1046, Drs. Remington Kellogg and 
David H. Johnson, the curator and the associate curator, division of 
mammals, collected fossil cetacean material from the Miocene beds at 
Scientiste’ Cliffs, Calvert County, Md. Paul S. Conger, associate cura¬ 
tor, section of diatoms, spent 2 months at the Chesapeake Biological 
Laboratoiy, Solomons, Md., continuing a survey of the Chesapeake Bav 
diatoms, certain eiperimonts on the growth of single diatoms under 
natural conditions, and a study of diatoms as oyster food. In order 
to BBcura material for the rearing of Hemiptera for the purpose of trac¬ 
ing the development of structures useful in taxonomy and in the deter¬ 
mination of phylogenetic relationships, W, E. Hoffmann, associate cur- 

® insects, carried on considerable fleld work in and about 
the city of Washington. 

The first field expedition of the year in the division of invertebrate 
polwntology and paleobotany was carried on by Curator G. A. Cooper, 
during the sufnmer months, in company with Dr, P* E. Cloudy 
Jr., of Hazard University. Several days at Batcsville, Ark., yielded 
eiceflent Silurian and ^isaippian fossils. After a short time at 
Muskogee, Okie,, collecting Miasissippian fossils, the party journeyed 
to Marathon, Tex., where some 10 days were spent in getting out blocks 
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for p tf hir g of Permian limestone from the Glass Mountains, Neit, at 
Alamagordo and Silver City, N. ilex., Devonian foesila obtained, 
and from here the party proceeded to Eureka, Nev,, to join Dr. T. B. 
Nolan, of the United States Geological Survey, in mapping the Good¬ 
win formation in Goodwin Canyon- The Devonian and I^wer Ordo¬ 
vician beds of some of the ranges west of Eureka were visited and the 

field work ended at Salt Lake City. 

Upon Dr. Cooper’s return, Dr. A. R. Irfeblich, Jr., was engaged for 
6 weeks in collecting Ordovician fossils in southern Virgmia and 
eastern Tennessee, in the region west of Nashville, and the Silu^n 
and Devonian in the classic areas of the valleys of the Tennessee River 
in west Tennessee. On a short detail in August ItWU he spent several 
days conferring with Dr. William H. Shideler at Miami University, 
Oxford, Ohio, and a like period collecting MidiUe Ordovician and 
Lower Devonian, fossils in the Arbuckle Mountains, Okla. In late 
April 1!M7, at the invitation of the Oklahoma Geological Survey, he 
was occupied for 2 weeks in that State on stratigraphic work examin¬ 
ing and coUecting from the Silurian and Lower Devonian of the 
Arbuckle Mouittains* 

In addition to the above field invesUgatioiis, four abort trips were 
made by Dn*. Cooper and Loeblich into the nearby Appalachians, 
which resulted in good coDections and blocks containing sLli<^ed 
fossils for etching. The localities visited included the fine Middle 
Ordovician exposures about 5 miles north of Ilarrisonburg, Va., the 
Lower Devonian exposures on United States Highway So, 40 about 
2^4 miles west of Indian Springs, Md., the Middle Ordovician at 
Strasburg, Va,, and the Silurian and Devonian at Kayser, W- Va., and 
Cumberland, Md. 

The 1946 < |i i ir>Tn«>r field expedition in vertebrate paleontology, start¬ 
ing in late May, continued well into the present year. The party, 
composed of Curator C, Lewis Gazin and F. L. Pearce, first reexam¬ 
ined the Paleoccne and Cretaceoua beds of central Utah and tlien de¬ 
voted the greater part of the field season to prospecting and coUecting 
fossil mammal remains from the Middle Eocene beds in the Bridger 
Basin of southwestern Wyoming, Collecting from the Bridgar for¬ 
mation is part of a research program on tlie Middle Eocene faunas 
begun prior to the war. As a result of these eipeditiona, the National 
Museum is btulding up one of the best research collections of Middle 
Eocene nuuntnals in. the country and iias succeeded in obtaining some 
etiildng exhibition material representing this very primitive stage of 
evolution. The party was successful in getting much 
good material of the siuaUer, Itss well-known insectivores, primates, 
rodents, carnivores, and artiodactyls, ns well as good skulls of such 
animals as SyrackyuSf Pala<otyop»,snd UintaiAeriwfi. 
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The last 2 weeks of the season were spent in going over Lower 
Eocene beds in the Wind River Basin of central Wyoming and in 
esamjning and making a collection from an isolated occurrence of 

River, Upper Eocene, tieds in the northern part of the 
Wind Rirer 

Associate Curator D. H. Dunkle, accompanied bj F. L. Pearce, left 
^ field work near Lamy, K. Mei., prior to the dose of this fiscal year. 
^ere,^aKi3t^ by G. F. Sternterg, they began quarry opcratiom at a 
rnassic locality for an exhibition slab of ancient amphibian sknlk 
and other sbeleUl parts belonging to the genus Bueanena. This has 
now been quarried out and is ready for shipment to the Museum. If 
the season permita, they expect to examine other localities and format 
tions of BtiU greater age for foseil fish and primitive tetrapods in the 
general region of cast-central New Mexiico, with the hope of building 
up s more representative collection of these forms for our study 
collection. 

The ff-month sojourn in Japan of Curator W. F. Foshag and 
AsBociate Curator R P, Henderson may well he considered a field 
tnp, since, whenever time permitted, studies were made on mineral- 
ogi^l subj^, local umversitiea were visited, and arrangementa for 
exchange of mutarial wore concluded. 


FDBUCATIOK'S 

Fourteen pubHcations were issued during the year; One Annual 
^j»rt, three Bulletins, two Contributions from the National Her¬ 
barium, and eight P^tedings papers. A list of these is given in the 
comply report on bmitliEoniftii ptiblicaticuns^ appendix 13 
The ^tribution of volumes and separates to libraries and other 
institutions and to individuals aggregated 34,953 copies. 


MHSTliroS AND SrECIAL ZXniBlTS 

The Smithsonian continued to make available the auditorium and 
wture room of Natural History Building to educational, scien¬ 
tific, welf^, and gover^ental organizations and groups for meet¬ 
ings and lectuiea During the year 2T6 groups availed themselves 
^e foyer and adjacent ^aco in the Natural 
1 ty ’"ffire in constant use during the year for a series of 

IS special exhibits sponsored by various groups, including tlie Smith- 

which ran from August 10 to September 
27, 1946. In addition, 23 special exhibits were held by the division 
of paphic arts—13 of etchings, lithographs, and other prints by 
various artists, and 11 of photograpba. 


EEFOHT OF TBS SECEETAHT 


23 


CUlAMOEa IN O&OANIKATION 

Hirough a reorgauization in the department of engineering and 
industries, a nev unit under the diTiBion of crafts and industries — 
the section of manufactures—vas established effective September 16, 
1946. The section of aeronautics was changed to a division on Jan- 
uotj 0,1947, and at the same time the division of medicine and public 
health was made an independent division reporting to the head 
curator of the department, 

BespectfuDy suhniitted. 

AlzxANDES Wbtjtoeie, jyb'ector. 

The Secbetart, 
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APPENDIX 2 

REPORT OX THE XA'IIOXAL GALLERY OF ART 


Sm: I have the honor to submit, OQ behall of the Board of Trustees 
of the Xational Gallet? of Art, the tenth aimual report of the Board, 
covering its operations for the fiscal ^ear ended June BO, 194T. This 
report is made pursuant to the provisions of section 5 (d) of Public 
Resolution Ko. 14, Seventy-fifth Congress, first session, approved 
March 24,1937 (50 Stat. 51). 

OBOANlZATtOS A2fD StAFF 

During the fiscal year ended June 30,191T, tlie Board consisted of 
the Chief Justice of the United States, the Secretary of State, the Sec¬ 
retary of the Treasury, the Secretary of the Smithsonian Institution, 
ex efiicio, and five general trustees, Samuel H. Kress, Ferdinand Lduu- 
mot Be!in, Duncan Phillips, Chester Dale, and Paul Mellon. 

At its annual meeting held on 6,104T, the Board reelected Sam¬ 
uel H. Kress as President, and Ferdinand Lammot Belin as Vice 
President, to serve for the enEuing year. The executive oScflrs con¬ 
tinuing in office during the year were; 

HimUngtoc CiLlriiB, Secretary-Treasarer^ 

David R FlnlOFf Dtreefcor* 

Harjy A, McBride* Admialatrater, 

Htidtiaatoa Calnutp Oeneral CotioflaL 
Jotaa Cti^t Curator. 

MacslU JiLEDcSp AaslEtant Director, 

I^oiiald Shepatd continued to serve during tlie year m Adviser to 
the Boards 

On July 1946j Laraont Moore was appomted Curator in charge of 
education and resimied his duties in the Gallery after an absence of S 
years* During that time he served in the Army of the United States 
in the European Theater and as Assistant Secretary to the American 
Commisaion for the Protection and Salvage of Artistic and Hktoric 
Monuments in War Areas. 

The three standing committees of the Board, provided for in the 
bylaws^ as constitated at the annual meeting of the Board, held Jtay 6, 
IMT, were: 

Executive OauiarrEic 

Chief JuBtree af tbe Unit^ SUtea, ei officio, Fred M, VI wa* Chalrmim. 

Stmticl H, Krees, Vice ClufrmaiL 
FerdlniiDd Lainmot Bellix 
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retort of the bechbtaht 

SecrataiT of tlie Smltlwoiilaii IuBtltotloa, Dr. Alexander Welmcra 
Paal Mellon. Fihxscs OoitsinTtx 

Secretary ol ttoe Treaeary. « offlele. John W. Snyder. Clalrmea. 

Samuel H. Kresa, Vice Ctainaan, 

Lornmot BflUiL 
PflOl Melloii. 

Cli«tor 

Sainuol B. Kress, Omlnaan. 

Ferdinand lamrnot Belin, Vic* cirnlrmBiw 
J>[inr«n PbllUlB- 
Qiedtcr DalC; 

Davtd B. Finley, ex officio. 

The permanent GoTemment positions on the Gallery staff are Med 
hom roisters of the United States Civil Service or wdh 

its apprevai. On Jnne 30, 194T, tLe 

the Mery numbered 305 employees, as compared with 208 employees 

year a hi,h « of operetion^nd 
of the Gallery building and grounds, and protection of the Gallery 
collectioDS of works of art, liEts boon snstainei 

ATFROFEIjMnt^JfS 

For salaries and eipensea for the upkeep and operation of the Na* 
tion^ G^of Art, the protection and cate of works of art ac^i^d 
1 , ii, Tinai-ri of Trnstees. and all administrative expenses incid^t 

thereto pursuant to the proviaonsof sectiond (ai 

So. l 4 ,Lventj-fiflh Congress, Srst si^ion, approved , 

the Coneress appropriated for tLe fiscal jc^r 
jL 30,‘l947;the sum of $883,m Thi^ amount includid ^ 
appropriation of $772,490, a supplemental ^ ^ 

primorDv to m«t the GaUery’s obhptions under 
nlovees Pay Act of 1W6, and an additional appropriation of $10,4W 

to lk« V"*" drfrimeito to th. 1947 .pP«.pri»t.0D 

b, th, biS..r toUri« p.id «t»nii»g T.t.nto= over ^ 

cLb«iBrin-Er.<ie promotion,, ond rooIl^Uon, ot position, b, the 

Civil Service Commission in 1948 and 104 u . „ 

From these appropriations the following expenditures and encum¬ 
brances were incurred: 


Pergonal wrvices-—- 

PrrDtlng and — 

SapplleEV wittlpioent. 
UnODcimibGred ba^anc*-^---— 


__ 

V-__ 

__ _ lOfl, 382.2® 

__ 20J51 




__ 8S3,D2a.O0 
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In addition to the above-mentioned appropriationa, the Galleiy re¬ 
ceived the sum of 1,600 from the Department of State to cover es- 
pensca during the fiscal year of the Inter-Americim Office of the 
Gallery, for tlie promotion of art activitiee between tlxe Dinted Sates 
and the La tin-American Hepublicg, 

ATTEKDANCB 

During die fiscal year liHT, there were 1,448,038 visitors to the GaJ- 
iery building, an average daily attendance of 3,989. This attendance 
figure shows a decline as comparea with lost year, when the total 
number of visitors was 1,947,668- The decrease is undoubtedly due to 
the fact that during the first 8 months of the fiscal year there w-ere 
fewer men and women from the armed services in the city and normal 
tourist traffic had not yet been resumed. Attendance during the last 
3 months of the yetir has risen nearly to die 1946 level, visits of groups 
of school children being unusually numerous. 

The Sunday evening openings, featuring concerts in the Gallery’s 
East Garden Court without admission charge, have cjontinacd to be 
eiceedingly popular throughout the year, 

CARE AND BtAZSTF-NANCE OF ITIE BtUlDlNO 

It was necessary during the year to overhaul completely two of the 
large refrigeration machines, and this was successfully accomplished 
by the GaUery staff. 

Considerable improvemont has been made in the care of the grounds, 
including the eitension of the irrigation system, and the Gallery staff 
is now growing a large portion of the smaller plants used for the 
decoration of the two garden courts. 

Tlio staff also produced all the special exhibition cases and several 
pedestals for the exhibition of Indigenous Art of the Americas (Bliss 
Collertion), us well as the special lighting effects required for this 
exhibition. 

ikstauiATION of ADDrnoitAi, AiB-coxnmoNUfa bquipmeht 

As stated in the annual report for the fiscal year 1946, the gradual 
opening of additional spaces in the Gallery building and the con¬ 
struction of si* new gaDeries made it necessary to augment the air- 
conditioning equipment. This was made possible by funds donated 
for the purpose, and the installation of a fourth refrigeration machitm 
is now in the final stage of completion. It was anticipated that this 
contract would be completed dtiriug the fiscal year 1946, but owinif 
to various difficulties the date of completion was necessarily delaved! 
It IS now expected that the installation should bo completed and all 
equipment reftdy for operation by NoTemher 1^7* 
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rtmtiiCATiosa 

The publishing program of the JJatioual Gallery of Art, under the 
direction of the Custodinns of the Publications Fund, has continued 
its expansion* During the fiscal year the third edition of Master¬ 
pieces of Painting from the National Gallery of Art, by Huntington 
Cairns and John Walker, was published. Arrangements also were 
made for the publication of an English edition. The Gallery luis 
initiated a scries of National Gallery of Art handbooks, two of which 
were issued during the year. These arc! How to L»ool£ at Works of 
Art: The Search for Line, by Lois A- Bingham, and Chinese Porce* 
of the Widener Collection, by Erwin O. Christensen. Also issued 
dunng the j’ear was a small Tolume of color reproductions, entitled 
“Farorite Paintings froiti the National Gallery of Art,’^ with accom¬ 
panying texts prepared by the Curatorial and Educationol 
Departments. 

V^arious articles by tncnibeis of tlxe Gallery staff were published dur* 
ing rba year. An article on Hobbes 'Iheory of Law, by Huntington 
Cairns, appeared in the 1946 issue of Seminar, and one on Leibnizs 
Theory of Law in the Harvard Liw Eeview for December 1946. A 
lecture by Jlr, Cairns, delivered at Harvard Univeraity on May 3,1947, 
as part of u 3-day Symposium on Music Criticisni, and entitled “The 
Future of Musical Patronage in America," will be published by Har¬ 
vard University Press in book form. Mr. Cairns also contributed an 
article, “Philo^phy as Juriaprudenoe,” to Essays in Honor of Eoacoe 
Pound, published by Oxford Univereity Press. A comprehensive 
article on the National Gallery, its coUections, instillations, and his¬ 
tory, prepared by J.B. Eggeii, was issued at the close of 1946 as volmne 
B7-5S of the International Aluseum Journal, Mouselon, Paris, France, 

An article on American Painters and British Critics, by Jolm 
Walker, was published in the Gazette dea Beaui-Arts, and a Bcrics of 
12 brief articles on American paintings in the Tate Exhibition, also by 
Mr. Walker, appeared in The Ladies Home Journal. Cliariea Scy* 
mour, Jr., published nn article on Thirteenth-Century Art, and another 
in collaboration witli Hanna Swarzenski on A Madonna of Humility 
and Quercia’s Early Style, both apiJearing in die Go^tte des Beaus- 
Arts. ..Tvtmfts W- cotitributi^d to Art in Am^nc^j College 
Art Journal, Hie Catholic World, and other publications. Jlcmbera 
of the curatorial staff under Mr. Seymour’s direction alec edited the 
handbook of the Bliss Collection of Pre-Columbian Ait, entitled *‘ln- 
dig^nous Art of the AtnencaSj’^ the text fot which wsia supplied bj 

Samuel Lothrop. . j j 

Books by members of the staff in preparation or m press at the end of 
the fiscal year included TheLimiU of Art, by Mr. Cain^, an e^nsive 
compilation of selections of poetry and prese that have been held to be 
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the greatest of their kind in critical literature from Aristotle to recent 
times. A fully illustrated volume on the Gallery’s sculpture^ designed 
as a companioD volume to Masterpieces of Fainting, by Messrs. Cairns 
and Walker, is being prepared by ifr, Seymour for pubbeation nest 
year under tlia title “Sculpture in the National Gallery of Art.” A 
book by Elizabeth Mongan on the Gallery’s print collection Trill appear 
in 1^9- A thesis on Jon Mandijn, by Charles M. Blchards, Trill also 
bo published. A work eDlitled *'Tiiree Centuries of American Paint¬ 
ing’^ has been prepared by James W. Laiie. A comprehensive work on 
Index of American Design, tentatively entitled “Made in America,” 
is being compiled by Sir. Christensen for publication in the near future. 
Anotlter book by Sir. Christensen scheduled to appear jointly in the 
United States and England is entitled “Popular Art in the United 
States.” A picture book on the paintings and sculpture in the Widsner 
Collection is now on the press, and five handbooks on the Widener 
Collection of Decorative Arts have been prepared by Mr. Christensen. 

Work on the revision and amplification of the GaUeiy’s original 
preliminary catalog, published in 1941, has continued. For the re¬ 
vised catalog of paintings, notes have been prepared on more than 
three-fourths of the now paintings not previously cataloged. The 
sculpture catalog, being prepared by Mr, Seymour, is also moving 
rapidlj to completion- 

Other forthcoming publications by membere of the Gallery staff 
mclude an ^icle by Huntington Cairns on Robert BrilTault and the 
Eehabilitation of the Matriarchal Theory for An Introduction to 
^e History of Sociology, to be published by the University of Chicago 
Press, and also an article on The Future of Musical Patronage to 
Bpfwar in the Atlantic Monthly. A second sciiea of short articles 
by ifr. Walker, on paintings in tlie Chester Dale Collection, will ap- 
pear m The Ladies' Home Journal, An article on Houdon by Mr. 
Seymour is scheduled for publication in the Gazette des Beam-Arts! 
and an article on American Folk Art as Revealed in the Index of 

American Design, by Mr. Christensen, will be published in Art in 
America. 


Miss Mon^n has been made an editor of the Graphic Art section 
of a new edition of the Encyclopaedia Britanniea. Mr. Christensen 
has reaswmbled and organized unbound copies of the Widener tapestrv 

»talog into portfolios for sale in the Itiformation Rooms and distri- 
butiOD to oollegts, 

m Publkations Fund has continued to supply color reproductions 
of fine quality but moderately priced, and it is rather interesting to 

^ "'’ll"'' 'tem-postcards of works of art-nearly 5,000,000 
copies have been ^Id smee the Gnllery is-as opened in 
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Publishers of largs tollotype reproductions of painting in Na¬ 
tional Gtillery have added 14 new titles to their Usts during the 
year 1947, and the Publications Fund b now able to offer a total of 
52 of these large reproductions to the public. 


CUSTODY OF fiZEbliAN SI1.VF3 

Under date of February 21, 1947, the Secretary of War requested 
the National Gallery of Art to provide space and safe storage for the 
HohenzoUem silver service, following a ruEng by the War Depart* 
ment with the concurrence of the Treasury Department tliat the silver¬ 
ware is the property of the United States. On April 11, 1947, t e 
Gallery received from the War Department 44 sealed cases, weighing 
approximately 7 tons, said to contain silverware and glassware, and 
placed the cases m a storage room for indefinite custody and storage. 

ACQTnsinoNg 


oura OF FAlsniSOfl 


On August 8, 1948, the Board of Trustees accepted the following 
group of 19 French paintings from Samuel H. Kress and the Samuel 
H, E^iess Foundation: 


imif 

BoiKiJii^rp Franco Sa..-- 

E43udier, — -- 

Bonehar^ Franciola-— - — — 

Drooats, Praneols-Hulicrt-^— .--w- — 

FrRg nnn rd, - — — 

Fragoiuardp Jean-Sonorc — — -— 

Fnigouaird, Jean-HoDore^-^^- . . 

Gren^p Jean-BapUfte - -— — 

Watteai3p Anloine—— -— - 

CbQTdtn, leaD-Baptlate SStiieon^ — ^ 

Le Kftln. lonls^- --—— 

Lomltt* Clande (Gellee, CMiide) - 

Nattier, J^jan^Marc --—-- 

Poussin, Ntcolna- - 

Ri^u<), Hyaclnthe - 

VlBefrLebnin, EUaabeth^-— - — 


Tlfltf 

AJiegoTy Df PafoilDg. 

Alli^ry of Muale. 
liiadniEie Bcreeret 
Grtittp PortmlL 
A Game of Horte and Rider, 

A Game of Het Coctlea. 

Tbe Vlj^t to the Nuncry, 

MoDslear do In Ure de JuUy. 

ItoLian Oocaedian^ 

Portrolt of oo Old Woman, 

LAodsf^pe Tilth Feftflnnts, 

The EerdSMflit 

Madatec de CttiUDtrttn m Hebe. 

The liftptlsiD of Chriat. 

President HeberL 

de Lftborde, 

‘‘Sylrla” (jta&wMtoae Guyonne BoiaoraS)* 
Maditine Moltesekr, 


Watteaa^ Antotoo— — 
iD^rea, Jeac-Aafnwtfi'Domliilque— 
patGT, Jeaa-Bnptist&Joeepli^ —* Feie Ghampetne, 

TI«Bo.rdofTrostt» »nS0Temf«rS5,lM6,.«epted 
H. Kress and the Samuel H, Kress Foundatiou the pmntmg, The 
Uocoon,” by El Greco, and the portrait 

conio, by Tliomas Enkins, from Stephen C. Clark, On ’ 

1947, the Board of Trustees accepted from an anonjmous donor a 
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portrait of Gen. Dwight D. Eisenhowerj by ThonioB E. Stephens, to 
bo held for o National Portrait Gallery. On May 8, IfMT, the Board 
of Trustees accepted two paintings, ^'Love as Conqueror” and “Love as 
FoUy, ^ by Jean-Honore Fragonard, from Jeon Simpson^ a por¬ 
trait of Captain Charles Stewart, by Thomas Sully, from Mrs. Maude 
MoncU Vetlesen; and also resolved to accept a bust of John Muir, by 
Edwin Keitb Hsirkness, from Mrs. lone Bellamy Harkness, to be 
held for n National Portrait Gallery. The Board of Trustees also 
Oft May 0, mx, recorded their prior acceptance from Mrs. Frederica 
K. Gile.*! of a painting entitled “Ships in the Scheldt Estuarv” fay 
Abraham Storck. ^ 

ciFTH or baxMAtiVEi Axm 

On November 25, 1D46, the Board of Trostees accepted from Sirs, 
^ing J, Kosenwald a miniature pamtina on ivory, of Moria Miles 
Heyward, by Edward Greene Molbone, which was accompanied by a 
pm with a paiiiUtiguf an eye of Maria Miles Heyward, by Malboiie. 


GIFTS or reiSTB AM tmjkwiTiaB 

Ihe Board of Trustees, on August 8,1040, accepted a collection of 
2i3 prints^ and drawings bequeathed by Jlrs. Addie Burr Clark, n 
fui^ier pft of 255 prints and drawings from Lessing J. Eoscnwald, 
3 prints, En BMlade, by Constantine Guys, Head and Bust of a 
Woman, by 8m Jo^na Reynolds, and Le Stryge, by Meryon, from 
Myron A. Hofer. On November 25, 194B, the Board of Trustees ac- 

I, lJ4i, the Board of Trustees accepted a further pft of 3J>9 prints 

J. Rosaawald, and an engraved portrait of 
Charles 1 of England, by Vorstennan, from Willis Biiffncr. The 
Board of Trustee on May 6,1947, accepted from an anonymous donor 
a mmotint entiUed “The Mill,” by diaries Turner, after Rembrandt. 


GlfTft to TH£ rVHEE QT 

The Board of Trustees on May 0,1947, accepted from Albert Lewin 
«jvatcr-color drawings by Perkins Hamly for the Index of American 

R- wGSEa up aitt 

ITie ^ard of Trusty during tlie fiscal year 1947 accepted the offer 

engraTing by Seboagauer en- 
Wled ^cjfiiion, two lithographs by Whistler entitled “Study” and 
‘pid^-^Haden, and an engraving by Brosamer entitled “Cliriat on 

Hke engravings and lidiograpbs 
induded in the Rosenwald Collection at the National Gallery of 
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LOAN OF WOBMB OF AffT TO TilJt GM-LEET 


During the fiscal year 1047 the following works of art were received 
onloani 


From Mrs, AUsa M. Breoe, New Yorfc, R Y, E 
£ upestrieH. 

The Ealsthg of T4hlthfl^ ■ -—-Touroal. c. 1400. 

The Converflloa o| tire Oenturinn Cornelius-^- Tonreat, c. I4&k 
From George Matthew AAfum^ New lorlt; R Y.: 

131 drawings ftnij etdilti^ 

From Chorles B. Hording, Lflora and 

Catharine H. Taller, New Tort, R Y*: 

Portrait of Victor Glut.—---—- OojA. 


From Mrs. HotOeston Hogera< Now YorlL R Y.: 

The Tricycle__—— — MonoL 

Boses_- -— -—— Bcaolr* 

The Artist and the Widow_*^„.-ForaliL 

GbemLn dans le Bronllhird,——- Monet- 

Le Trlbotial de PoDtolse—-—Ptaarro. 

--—--- 

Boses ia a Chinese Vase aM Sculpture by 

MalUol- Velllfird. 

MAtenilty»-^_ Gaugaln* 


LOANED WORKS OF ABT RETUaNED 

During the year the following works of art loaned to the Gallery 
were returned to the lenders: 

Fartkvlari 4 rflil 

To the French UoTermncniJ 

Tire entire collection of French peintlngs on 
loan, with the eicepllon of Mile DuBourg 

(Mme. Faiitiii‘L*totir)™--—-- Doshjl 

1>> the BolglDh GovcmmeJiti 

12 ol tire 14 pnEntlngi on Icmn, lesTlng 2 pic- 
tnrei belonging to M. Sttu^ del Bniyere. 

To the J. H. Whlttemore Co.p Naogatnet. Cotm.; 

Avant la Coarse,— ^ ——--- Degoa. 

To Col. Axel H, Oiboliap Washington. D, a: 

Martha IVashlngtOh^.,—-—--- 

To Mrs, Hnitleston Bogeis* New Yoth, N. Y, 


_Attributed to Ralph EL EarL 


The Artist and the Widow 
Cbeiuin dans le Broulllanl—*--- 

Le Tribunal de Pontolse-- 

Le Jour d'HlTCr. 

Boses in A Chtnese Vase and Sculphare by 

MalUol^_— - --— 

Maternity-- - 


Bcnolr. 

Forain, 

Moact, 

Plsaarro. 

BIsley. 

VnlllflPd. 

Gaugaln. 
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07 WORKS OF AET &Y TH£ OALXXRY 


During ths fiscal year l&47i the Gallery loaned the following works 
of art for exliibition purposes^ 


To Thu Art lostltiite of CblciigOt Cliicaeo^ ML: 

3 ru|;H. 

To M. KotriidJcr &0o^ New York, N, Y.: 

Holph WaJdo Emeraan______ 

To the Niitlo^ial Collecdon oi Flee Arts;, Wasliiiva;- 
toD, D. C.! 

4 mlnlatores I 

IjoqlB de Boarboo, Frlnco do Coode.__ 

Henri Jtiles, Diic d'Albert_____ 

Marla Miles Heywnrd^____ 

Pin wiOt i^aUatlfig of an eye oi Maria 

MlJe* HeTwAT d - _ 

To the WlMenateln Ooliericst New York^ N, Y,t 

Bree«in^ Up^_________ 

To the of theCIticIniiatl, Woahlti^on, D. d i 

Altxandcr HaciUtOD^____ 

To the J, Ji, Speed Memorltil Minte Tim , 

Ky.: 

Henry Clay____ 

Hdiry LAUrenB____ 

Andrew JackBcm_ _ 

DeWltt Clinton___ 

Jane Gntler Doaiie-__^.____ _ 

ivnjittiij Rnah_ _ ___ 


General WllLIam MouitTle- 

Geotge Wajhln^on^.^_ 

Mra Q^rge Pollock. 


Goreraor Charles Rldgely^^ 

James Monroe _ _ 

Self-Portrait 


Mary Wal ton Mortia_ 


To the Tate Gallery, lioodon, England i 

ISO examples fttnn the Index of Atncrlca 
Defllgn. 


To the U. S. Department of State* Blatr-Lee Honse 
W'aahlngton, D, d: 

Daniel Welwter^_^^_____ _ 

To the White Hon5e+ Washingtoo, D, d t 

Men of FfoETssa-.,,.^. _ __ 

George Washington (i>firtbole portrait 
Andrew Jack 30 ij-^_„_^^_ 


Artift 


Thomas Sully. 


P«tiiot 

Fetitet 

MaJbono. 

Malbona 

Wlaalow Bomsr* 

John TnimhuU, 


John Am]iib(in+ 

Jolm Singleton Copley, 
Balph E Earl. 

Join) Wesley JnrrtiL 
Bomaet Elog. 

John Xeaglo, 

Charles Willson Peale, 
Bembrandt Fealei 
Gilbert StOKfL 
Tbomas Holly, 

John Vamleriyn, 
Benjamin West 
John Wollaston^ 


George P. A. Healj, 

Schnssele. 
Bembrandt Penle, 
Boiph E. EarL 


EXKmrnoN^ 

Ilic following ethibitions wore hdd at the National Gallery of Art 
dunng the fiscal year ended June 30 , 1 IU 7 ; 

Life of aa depleted In the eteWnpa of Bembrnndt Printa ficiq the 

Bosenwald Collection and an anouytaopa lender, frmn ajgj 14 to Septeuber Sp 1 & 4 A 
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Audulion prints, “BSrda oC AmerSca/' Elepbant folio bcE by Jobn James Anan- 
boc, from May £0 to July 28; liwa. 

Music In prints. Prints from tht BosSflWJiia Collection, from June IS to Decem¬ 
ber 8» lU^ 

Made In America. One himdrod and eleven water colors from Uie Indei of 
American Desli^ni from Aupurt 4 to September 1&4S. 

Amerlona etcbfiiKs, woodcuts, and UtliojgTapliS- Prints from tlie collection of 
the National Osllery of Artt from aepEember U to October 2, 

Now ncqut^tlocis In the HoaenwaJd Collection. AddStlonjal prints find draw¬ 
ing acquired by Le^np J+ Hosenwald, from Soptfimber £2 to December 1, 

Sctilptaret draw lugs, and prints by Rod I a. From tbe coileetionB of Mrs. Joba 
W. aimpsoh and J. EosenwalO, from October fl to December 12, IMC. 

Palnatags looted from HoUand by tbe Nnzls> tetunied tbfotiKb tbe cfforls of 
the Onltcd States Armed Foreos. Forty-six palntlofis circulated under tUo 
auperTlslon of the Albrl^bt Art Gallery, Buffalo, N- Y.; sfbodnled for Rhovriuu 
at various museums throti^bont tbe country j ahowu at Nalhcnal Gallery ffom 
December 7, 1046^ to January ly 1947. 

Ltber Stndlonim, by J. M. W, Tdtoer. Prints from tbe National Oftllcry 
of Art eoHectloosK from December Id, 19+6; to April 2?i 1B47. 

Tbe Chrlsttnno Story in prints Frinta from tbe Narionnl Gnllory of Art 
collections, from Deccfubtir 13, to Febiuory X1>17. 

Prints nnd drawings by AlpbonBe Z^oa Points and drawings from tlio co^ 
lection of George Mnttbcw Adoi&A of New Yorlc, from Jnnoary 12 to February 
19. 1&47. 

American paintings. Portraita frotd the tollectlou of tbe Ndtlouftl OftUory of 
Art, from February 23 to March 3tl^ IIHI. 

Woodcuts, Iltbograpbfl, and etchings by ^nl Gauguin and Edfotd Munch. 
Prints by Caugutu lent anonymously* prints by Munch from the Bosenwald 
CoUactlon, from April 0 to May 30,1047. 

Indlgonons Art of Ibe Americas. Pre-Colombian art from the eollecUnn of 
the Eonomblo Robert Woods Bliss, of Wishlagton, D. C.^ from April lA, 1947, 
to continue Cor an ladeflnttn period. 

Prlnta and drawings by William Blnhe. Prints from the NaHoua! Gallery of 
Alt collections add loanSi from April 29 ta JnnoSp ltM7. 

Cblftroscuro woodcuts from tbe alsteonth tl? rough the eighteenth eenturiea- 
Lent ononymoualy. C>p«ied June 9* 194T, 

Prims by James Abbott McNelU Whistler, Prints from the collection of the 
National Gallery of Act, opened June 12, 1G4T. 

TRAVELING EXHlBtTIONS 

Indos of American Design. Eshibitiona fmm this collection of 
water coloiEf drawings, etc., have been shown during the fi^ol jear 
I&IT at the following places: Lyman Allyn Jluseuroj New London, 
Conn.; Seamen's BanlE; for SavingSj Now York, N, 1Hood College, 
FredBiick, Md.j Dallas Musemn of Fine Art3, Dallas, Test, | North¬ 
western University, Evanston, HI.; Libntry of Congress, TVashington, 
D, C. I Lakeside Press Galleries, Chicago, Dl+j Philadelphia Museum 
of Art, Philadelphia, Pa.j Massillon Mnsoum, MnssUlon, Ohio; Col¬ 
lege of Wooster, Wooster^ OMo; JIcMurroy Collegie for Women, Jack- 
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sonviUe^ 111^; Sait Lake City Jimior League^ Salt Lake City, Utah| 
Palette Clubj Ogden, Utah; Kockford Art Assocmtion^ Eockford,!!!.; 
Speed Memorial Museum, Louisrillft, Ky.; N. W. Ayer Gallery, Phila¬ 
delphia, Pa.j and the American Federation of Arta, Washington, 
D, C., for drculation throughont the United States. 

Bosanwald printa During the fiscal year IMT special exhibitions 
of prints from the Bosenwald Collection were cireulated to the follow¬ 
ing places: 

The Art Imtltute of IlL; 

WiUlam Hogai-Ui eollectlDa of eagniYUiip. Octiober to NoYeinlKr, iiJ4a, 

Dnie UnlversKt^^ Durhani, N. C. i 

Daumier Iculd exhibLtloiL December 1^6, 

HilladelpZila Ktuecim o£ Art* PbUjidelpbia, Pa. t 

Survey of watef color, NJne water colora, fonr mLalaitarea, LacLodln^ Blake, 
Fragtsearid, UaueuLn, Bembrandt, Cameron, aad McBey, Februftr/ to 
Mardi. 194T. 

Hio Mint Mnseam of Arl» OiarlottOp N. a: 

Daumier loan cxMbltlom Fobmarr IMT^ 
f^illfornta Palace of Oie Legion of Eoaotp San Franclaco, QillL; 

Nlaete^tb-ceDtnrT Prencli exhtbltlon of drawings by Manet. DeJacfolx. 
DaomJerp Degas; frcni tbe Hoscnwald end Hoter CoHecUons. Morcli 1947, 
The Univerafty of Ncrth Ca roUnap Chapel Hfll, N, O.: 

Daumier loan eahEbltloa March 1&17. 

Detroit Inadtatc of ArtSp Detroit, 5f; 

SEi ceDtorLea of prLtits. Mnj to Augufit, 1917. 

Four cjsbibitions of Bo^w&ld prints irere arranged and held at 
Alterthoipe Gallery, Jenkmtown, Pa, 

TAWOUa QAIJJ5BY ACTITTTIE3 

During the period from July 1,1046, through. June 30,1947, a total 
of 52 Sunday eTening conoerta were girea in the East Garden Court 
of the Gallery. The concerts were free to the public, and were at¬ 
tended by over 50,000 persons. During March mT hve concerts were 
deTOtod to American composers, comprising the Gallery’s Fourth 
American Music Festival. 

A total of 4,056 copies of press releases, 130 special permits to copy 
paintings in the Gallery, and 107 special permits to photograph in the 
Gallery were issued during the year* 

Of the seven 16-mitt. sound prints of the film, Nations] Getlery of 
Art, originally owned by the Gallery, three have been sent to foreign 
countries, The first gift was to the National Gallery of Victoria, 
Melbourne, Australia; another print was depoated with the Amer¬ 
ican Embassy in Paris on indefinite loan, and later was given to the 
Embassy; a third print was given to the American Embassy in Lis¬ 
bon, Portugal. 
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The film was made arailahle to 16 institutions and individuals dur¬ 
ing the year. One of the 16-mm. prints was on loan in &uth CnroUna 
for several months doriug the winter, in which time it was viewed 
by approsimately 3,000 people^ 

INDEX OF ^3rEHlCj\2ff DESIGN 

For the period from July 1,1940, to June 80,1D47, repr^uedons 
of IndeT material were used in a number of magazin^ including 
Fortune, Life, Antiques, The American Collector, Ardutacturri 
view, and Art in America. Thera were llS new users of the ^des 
this year, and 24 people revisited the coliection. The graat majority 
of them made a special trip to Washington for the purpose of study¬ 
ing Index material They included a imiversitj class in Amen^ 
art, desicKers, manufacturets, artista iDterested in design moti a, 
authors, editors, publishers, etc. A total of 1,048 photograp^ o 
Index designs were sold for use in commercial deai^ by individual 
and by firms, for hobbies, for publications, for teaching purposes, for 
publicity, and for reference and exhibitions, paring the year 449 
new slides were made of Index material for use in lectures. 


IKIER-ASCERlCaS OITlCB 

During the fiscal year 1947 the Inter-American CMBce of the Ifa- 
tional Gallery of Art has oontinued to devote its efforts to the cirau- 
lation of eihibitions in the other American Bepublics. TJese exhiby 
tions, two of original works of art and six (insisting of photographic 
panels, have been very well received in Latin America, 

Cim^^TOaiAL DiiFAETalENT 

During the past year there were 1,010 new accessions by the Gallery 
as gifts, loans, or deposits, including paintings, ^ulptnre, pmts, and 
the decorative arts. These accessions were registered and ^e great 
majority placed on exhibition, or tn the case of prints, placed on hie 
and av Jirble to the public. A total of 161 works of art were brought 
to the Gallery for expert opinion, and 93 visi^ were made to oollec 
tions of private individuals in connectio^ith offers of gift or loai^ 
or possible acquisitions for the Gallery. The curatonel staff made m 
written and 308 verbal replies to questions the public requiring 
researah. During the year IT lectures and 3 lecture courses were 

given by members of the curatorial staff. 

OthJ activities of die Curatorial Departm^t include the foUow- 

mg: The coUections of paintings and drawings ponging to 

and the Belgian Governtnenta were packed and ^s^tched 
during this year; the collection of American paintings assembled b> 
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Uie GnUery for eshibttioa at the Tate Galleiy in England was re- 
celved, unpacked, inspected, and returned to its original owners; a 
collection of 46 paintings from Dutch sources was received, exlitblted, 
and dispatched on its tour of the United States; and the Bliss Collec¬ 
tion of Pre-Columbian Art was exhibited in a special installation ar¬ 
ranged by the curatorial staff at the entrance of the central gallery. 
The cataloging and filing of photographs in the Richter Archive is 
now four-fifths finished. 

EESTOOATION AKU BEFAIH Of WORES OF ASCS 

With the authoiization of the Board and the approval of the Chief 
Curator the necessaty restoration and repair of works of art in the 
Gallery’s collection were made by Stephen S. Pidictto, Consultant 
Restorer to the Gallery. All work was completed in the Restorer’s 
studio in tlie Gallety. 

XnUCATTONAl. FflOGBAH 

Tlie survey tours of the whole collection continue to be a vital part 
of the Educational Departmeiit’s program, satisfying the d *‘ mift nd of 
the many sightseers and newcomers to Wasliington who feel the need 
for a general introduction to the Gallerj’ as a whole. More than 10,000 
persons attended the General, Congressional, and Wing Tours, while 
over 27,000 attended tlie Gallery Talks and the Picture of the Week. 
Approximately 28,000 came to hear the lectures and other programs 
in the auditorium. Special appointments, tours, and conferences were 
arranged for 2469 persons. The Educational Department bos con- 
tinned the publication of a printed monthly announcement of all the 
Gallery’s activities. It has a circulation of 6,900 copies. 

umuar 

A total of 1,076 books, 467 pamphlets, and 596 periodicals were 
given to the National Gallery of Art; 20 books were puidiased and 
27 periodicals were subscribed to. A total of 69 books, 119 pamphlets, 
and 393 bulletins were received on exchange from other institutions; 
204 photographs and 80 slides were presented as gifts tn the library. 
Outstanding among the gifts were 75 American history books, par¬ 
ticularly useful as bac.’kground material for the Index of American 
Design. This year, 2,054 books were borrowed and returned, 1,986 of 
which were borrowed from the Library of Congress. For the rciuain- 
ing 68, the Gallery is indebted to museum and university libraries and 
public libraries. 

rHonooRAPHic nuPAicruxNT 

During the year the photographic laboratory of the Gallery made 
11,111 prints, 606 black-and-white slides, and 1,729 color slides, in 
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addition to 2,170 negatives, and 87 X-raja, infrared photogiaphs, 
yltraviolot photographs, and color separation ne^tives. 

OTliEBOIFrS 

During the year gifts of books on art and related material were 
made to the Gallen* Library by Paul Mellon, David K- E B^f^the 
Victoria and Albert Museum, Chester Dale, Miss Fcmande U Herr- 
man, and Dr. Herbert Friedmann. Gifts of money durmg the fiscal 
year 1947 were made by Paul Mellon, Mrs, Maude Monell \ etles^, and 
David E. Finley. A sum of money was anonymously given with the 
provision that the income therefrom will be available for ^e acquisi¬ 
tion of contemporaiy works of art by American artists, and for pnzes 
and awards to American artists. 

audit of FETVATE FClfDS Of THE GAnLEST 

An audit has been made of the private funds of the Gallety for^e 
fiscal year ended June 30, 1947, by Price, Waterhouse & Co., ^bhc 
accountants, and the certificate of that company on its examination of 
the accounting records maintained for such funds will be forwarded o 

the GaDery. 

Respectfully submitted. 

Huhtingtox Caiun'b, 
Secretary. 

Tub SECRBTAKr, 

SnUihsenian InatitvHoTi. 


APPENDIX 3 

REPORT ON THE NATIONAL COLLECTION OF FINE ARTS 

Sir 1 1 hare the honor to submit the following report on the activities 
of the National Collection of Fine Arts for the fiscal year ended 
June 30,1947: 

TUB SM1TBBONI4N ABT COaonSSTOlT 

The twentj'-fourth annual meeting of the Smithsonian Art Com¬ 
mission was held on Friday, December 4,1946, having been postponed 
from its regular date, the first Tuesday in December. Tlie members 
assembled at 10 r SO a. m,, in the Smithsonian Building to pass on the 
works of art which had been offered during the year. The following 
action was taken; 

AeupUfi for lAr JTaHiMuil Pouertlaa it FiHa An* 

on paloUns, Self Portrait, byC, P. A. Hcaiy (1813-04}. Gift otRiiel P.Tolaaii. 
on palatlUB; A Uoratos to Summer, by Leonmn] OclitmaD, N. A, (1854-1034), 
Henry Ward Reoscr boqnest 

Plaster boat of Cbarlee Henry Nlchana, by Adolph Aleiaoder Welnnum N A. 
(1B70- ), Gift e( Ulae Uarle J. Nlebaas. 

PJarter pUoue of JoaepU PeimcU, by Joba P)au«flc (leflS- ). Gift of Hias 
A. blargaretbi ArchAmbantt 

Rnkii tea bowl, made by Taiuataawa Klen (1708-138), Gift of Ulas Catharine 
McEX Ames. 

Hlnlamre, Portrait of a Mao, by George catUa {170e-iaT2>, Qsf t of Bernard N, 
BoTDJitJDe: 

Twenty-two mloUturea and one Bllver aedfiL Gift of Mrs. Henry DnPi* 

BoQuet^e^u; 

Mra. Arthiir Middleton (ITM-ISM) (Allda HnptOo Bu®eU), by Henry B 
Bonnetbeau (ltB7-18T7), after the original by Andrew Boberteon iSSA. 
Peter Boonetbeau In Magistrate'a Robea (1742-93). father of the artlet 
by Henry B. Bonoethenn, after bead of the Bcnhrldgc nHolatura 
teeter Bonnethean (1742-08). by Henry Benbrldge (1744-1812), 

Mr*, jrahn UIddletoa (Mary Barroueha), by Henry B, EouMtheau. aftar 
fi n Ifili arU^ 

^Portrait, MOT, after picture when fiO year* old, by Beaty B. Bonnethean. 

Mrs. Beaty B. Bcuitetheau (1822-00) (Jolla Ctorfawn DnPrb). br Henrr 
B. Botmethcas. /. ticurj 

Henry DoPr® Bonnetbean, IMO (1842-1001), by Henry B. BonnctbeaiL 
Mme. Jolla DtiPrb, about 183H mothor of Mrs, Henry B. Baonethenti. by a 
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U^oTj Gourdin, of Charleeton. godfather oi the arttet'i son. hy HecLri B. 

BODDOtheAlL „ 

Pertmit ef an Uiiiciiowii Man^ paluted about l^a-43> by Henry B. Bonne ^ 
PortraSt of an Unknown Wonmu, pn“lnted ubont iS4O-e0p by Hcnir . 
Eounethenii* 

PortruSi ni an t^ntnomti Woman, by an Eng^llah artlat. 

Napoleon as General, by Henry B. Boanctheau. after Sully, after AppTaaL 
King Lear in the Storm, by Henry H BonnetheaOp after Sir Joshua BeynoWa, 
Cot^e WdBhlngton, by Hecry a Boniietlitaa. if ter Gilbert Sinart 
Hcerr B. Bounethesn’s Aiuit, c. 1604. by Edwarfl Greene Malbone tl ilT-lSOTJ. 
Portrait of an UntoM)*!! Woman, by au untnortn attiit, 

Frances Anne Kemble (1809-03), by Henry B. BoaoetAean, after Thomai 

Oeucral George WaeblnftoH, by Henry B* BooncUiean, after tbe Tronibnll 
at Charleston. S. C. 

Naiwleon Bonoporte. by Henry B. Bonnetbeati, after Farra, 

CDmaaked, by Henry B. Bonnetbeau, nfler d coloiwl engratlag by W. 
Niebolas. after tbe painting by Mrtu PieTien.. publKbcd In Union, April 
1,1831, by J. Brookes. 

Sleeping Beauty, by Henry B. Boniielbcuti. ^ . .. 

SIlTer taednl awarded to Ur Bonnetbeau for the beet mlnlalnres oo Ivory, 
by Tbe South Carolina institute, 1^9. 

Accepted tor the Smithtonten Imtitction 

BroJixe statue. Bcfitaay, by Fronct«o Albert. sculptor. 

Celadon vase, made by ilaknin K6«ft. Gift of Ullo R Emmorson. 

The members then met in the Regents Room, adjacent^ for furth^ 
proceedings of tbe annual meeting- The meeting was called to order 

by the chairman, Mr, Manship, at 11; 25 a-la. 

The members present were; Paul Mansiup, ch^rman; DrJllexander 
\retmore. secretary (tnetiiber, es officio); Robert W. ^ " 

N Brown George H. Edgell, David E. Finley, George H. Myers, 
A^ibald G. Wenky, and James E. Fraser. Rue! R Tolman, Director 
of the National Collection of Fine Arts, also attended. 

The resignation of Louis Ayres waa submitted and accepted with 
regret. The sccretaiy was inatructed to write Mr. Ayres eipre^ng 
the appreciation of the Commission for bja valuable sernces while 

* o, Fnink J. > ch,rt.r ..Mjut^ 

invite Mr. Mather to all future meetings, and to inform him that tlw 

Commission would consider him a member emertus. _ 

'Ihe Commission recommended to tbe Boa ° ^ , rnmlrieh 

of AVilliam T- Aldrich to succeed Mr. Ayres, and Lloyd G 

Th(^i^^i^oifi^ommended the re-election of Jolm Taylor^s, 
Gifford Beal, and Gilmore D. Clarke for the usual 4-yeor period. 
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The following officers were elected for the etusuing j'ear; Paul 
fil&nsliip, chairmanj Bobert Woods Bliss, vice chairman; and Dr, 
Alexander Wetmore, secretary. 

Tile following were elected members of the eiecutive committee for 
the ensuing year; David E. Finley, chairman, Robert Woods Bliss, 
and Gilmore D. Clarke. Paul Manihip, as chairman of the Commis¬ 
sion, and Dr, Alexander Wetmore, as secretary of the Commission, are 
ei officio members of the executive oommittee. 

Tim GATHEEiiim WAIJ>EN arrcR fund 

Nine miniatures, water color on ivory unless otherwise stated, were 
acquired from the fund established through the bequest of the late 
Catherine Walden Myer, as follows: 

65. Partralt of en omccr, Blgncd "Eockstiilil. fet": from James W, Lnnc, 
ClieTy Chase, Md. 

56. Portrait of a Yobog Mon, by nnlmown artist; (rom JoioeB W. Lane. Chevr 
Cbase, Md. 

B7. Portrait of B tJenttemao, by Henry Inman, N. A. (ISOl^), water color 
on paper- from Mm, Oorotliy Draper Haralen Sale, Parke-Bernet Qnllerle*, 
Intf New Tork City, 

^ P&ltralt of n GeiitSeraan, ijj TTiomos Seir C timmi ny (i804-&4y ; from 
Mra. Dflfotlir Drapfr HauElcn gale, Porkii-Bemet Qallertra, lac., New York City. 

89. JOBeph W, PnlKT of CliBrlcstoa, 3. C.. by Charles Fraser (17S2-1S80): 
from Mrs. Dorothy Draper Hanilen Sale, Parke-Bemet OoReiiea. Ine„ Now 
York City, 

60. AJeJCander Boise, by John BoKtseio (before 1703-1002); ffom Ura. 
Dorothy Dreper Hamlea Sale, Parke-Boniet Galleries, Ine., New York aty 

81, Harriet Hampton, by Charlea Fraser (ITSi-lSOO); from Mrs Dorothy 
Draper Banslea Sales Porke-Bernot Gallerlea, Inc., New York city 

ffil Koeer Brooke Taney (1777-1864), by unknown artist; from Mamie C 
ranlcDQ^^ AtezjmlrUi Ya. 

tJ!?' (1S13-91) : from B.ijnnnd Bury, 

FluIndClpnlE, Ftu 

WANS ACCEPTED 

Two enamel miniature portraits of Louis de Bourbon, Prince de 
Conde, and Henri Jules, Due d’Albret, by Jean Potitot, the Younger 
(b, 1&53), with frames by Gillcs Legure de Chaomont (161()-cl65U), 
and two mimatures on ivory, a Portrait of Maria Miles Heyward 
(Mrs, William Drayton), and her “Eye,” by Edward Greene 
Malbone, aWnt 1803, were lent by the National Gnllety of Art, with 
the permission of the donor, Lessing J. Rosenwaid, on March 6,194T. 

One miniature on ivory, Portrait of Robert Goodloe Harper (1765.^ 
1825), by Benjamin Trott, was lent by the family of Robert Goodloe 
Harper Speed, on June 27,1047, 
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WITHDR&WAIS BY OWJfEBS 

Two Boheramo gloss vases, lent io 1928, weic witlidrawn by the 

owner,Mis. Eobert Lee Pi-eston, on Aife^t2,1946, 

A collection oi 22 pieces of porcelain and broi^ lent m 1918, 
withdrawn by the owner, ilrs. Geraldine L* Hitchcock, on Apru 3, 

An oil painting, Portrait of Mrs. Stephen Decatur (Susan 
Wheder) , by Gilbert Stuart, and four crayon drawinga on paper, by 
Saint Memin, of Ann Decatur Pine, Capt, Jameg McKnigh^ Copt. 
Stephen Decatur, Sr., and Ann Pine McKnight Decatur, lent m ms, 
were withdrawn by the owner, Mrs. WiUmni F. Machold, on April Ifi, 

^^n oil painting, Portrait of Hon. Charles Evans Hughey by 
George Burroughs Torrey, lent in 1930, and a marble bust of Hon. 
Charles Evans Hughes, by Bryant Baker, lent in 1943, were with^ 
drawn by the owner, Mr. Hughes, on May 21, 1947. ^ 

Five oil paintings, Hildegarde, Poinsettia, Maternity, The Old 
Miniature, and Study of a Young Womim, by WalJacs Bryant, and a 
photomechamca! reproduction of The Age of Innocence, lent m 191b, 
were withdrawn bv the owner, Wtdlace Bryant, on June G 1^7. 

An oil painting, Portrait of Lt. Gen. Mark W. Qark, by JL Araold 
Nusli, lent in 1944, was withdrawn by the owner, Mrs. ilark Vt. Clara, 

OTi June dy 1947^ 

U)AK8 TO OTHEU inJSBCrMfi A>T> DROANl^^TlONS 

An oil painting, Portrait of Stephen Decatur, by Gil^rt SUart, 
was lent to M. Knoedler & Co., Inc., New 

ington Irving Exhibition. October 8 to 26, 1946. (Eetumed October 

^Twfoil paintings, Old Church at Giverey, and La 
Theodore Robinson, were lent to the Brooklyn Museum, Biwldj n, 
N. Y., to be included in an exhibition of the work of the artist, Novem^ 
ber 12,1946, to January 5,1947- i 

Twi plater (b™nz«l). G«.rg. 

JeHBrain, by HcraAm, and four roses, were lent 10 Tho W lute Hoose 

December 3, 1946, for an indefinite period. r n t ^ 

An oil piuntiog, PortiMl «t Herbort Hooror, 
bell was lent to The Century Association for an ei^bition of port raits 
of membeis who were Presidents of the United States, January 9 to 
February 16,1947. {Returned February 27,194i.) 

Two S paintings. Entrance to the Harbor, and Groton I^ng Point 
Dunes, by Henry Ward Ranger, and four miniatures, Mrs. Putnam 
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CatUn and Portrait of a Man^ bj Georgo Catling and Jokn Trumbull 
Ray and Portrait of a Gentleman, by Thomas S. Cummings, were lent 
to the Lyman Allyu Muaeum, New Loadon, Conn+, to be included in 
their Fifteenth Anniversary Exhibition, Eighty Eminent Painters of 
Connecticut, March 0 to April 20, 104T. (Returned April 20, 1947.) 

An oil painting, Tlie Signing of tbs Treaty of Ghent, 1914, by Sir 
Amedee ForBStier, was lent April 3,1047, to the Committee on Un- 
American Aetiyities, to be hung in its committee room for an indefirLite 
period- 

Two oil paintings, At Nature’s Mirror, and Sunset, Navarro Ridge, 
California Coaat^ by Ralph Albert Blakeloek, were lent to the Whitney 
Museum of American Art, New York City, to he included in an ex¬ 
hibition of paintings by the artist, April 21 through May £9, 1947. 
(Returned June 6,194T«) 


IXIANS RETUENED 

An oil painting, Fired On, by Frederic Remington, lent to The Wliite 
Hou^, June T, 1945, was returned July 17,1946. 

THE miNRT WARD TtJND 

No, 60. South Dakota Evening, by Jes W. Schlaikjer, A, N, A. 
(1897- ), previously assigned to Vassar College, Poughkeepsie, N. Y,, 
was reassigned November 21, 1046, to San Joaquin Pioneer and His¬ 
torical Society, Stockton, Calif. 

The following two paintings were recalled for action on the part 
of the Stnithsonian Art Commission, in accordance with the provision 
in the Kfinger bequest. Tlie Smithsonian Art Coitimisaion decided not 
to accept the paintings and they were returned to the museums to 
which tliey were originally assigned: 

Nfn 7. The Shrine of tie Eotn QoOb, by E. Irvlag Consc, N. A- (lSe&-ia6e> 
to the Toledo MuNtimi of Ait+ Toledo* OMn, * 

No. 112: MeflleYnl Art, bj Edwin H. Blu^lifleld. N. A, (1043-^10361, aaslEncHl 
to me WiUlalii BockhlU NellN>ii Galiery of Art, Kansae City* a!o. 

TAB NATIONAli COJ-LRCHON OT FINB ARTS lUUTERENOB UBRARTf 

A total of 405 publicatici^ (255 volumes and 150 pamphlets) were 
accessioned. This tiumlier includes 162 Tolmnea and 41 pamphlets 
purchased, the priced auction catalogs of tie Parke-Bernet Galleries 
accounting for 44 volumes and S2 pamphlets. The other accessions 
were publicationB received by exchange, gift, or transfer. The year’s 
additions brought the total library accessions to 10,540, plus die vol¬ 
ume of serials formerly accessioned by the Muaeum Library for the 
National Gallery of Art, now the National Collection of Fine Arts. 
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/wfl eS through JtAy of 33 pieces 

m bronze, marble, obsidian, wood, ant! stone, by 
Mesico, held under the patronage of His Ejcellency, ^ 

Antonio de los ilonteros, Uic Mencun Ambassador to the United 

oi 7. 

tooTfsponsored by the American Scandinavian Foundation and the 

E^Htion. Tb, N.Uon.1 CoU^tfoa rf Fta 

honor those who had contributed to its collections, with eiamples o 

their gifts. About 50 specimens, covering 100 3^^^’p 

October 3 thrtruffh l^evernbcr 5, J^4^.-An od Fating, Jmt ^ 
President Harr^S- Truman, by John Slavin, of Richmond, Va., was 

t“l^W,7W--T..eFKt..3^b oi 

the Society of Washington Artists, consisting of 103 sp^imens 

7W.-Tke Ninth M.t.p«.iun Suu « 
Contel, held nnSe .nepie« of die Ilietet of 
American Artist's Professional League, affiis^ by 
aub, consisting of 2S» specimens of pamtmgs, eculpture, p is, 

nufl ^bition of Miniatnies by The Penn^lvama ^ ^ 

tare Painters, consisting of 73 minintures. Reprint of catalog used 

Pimadelphia. m7—The Fifty-first Annual Exhibition of 

jw s,cof i»«•»■> 

S“^The Fourteenth Annual HMiibition of 
March 7 throagk SO, lOv- , fjniTeTsSociety of Washington, 

D. C, cntWBg .< 4 pi«« «< 

Apra 10 Almaniz, of Bolivia, was held 

scidptu™, and “ tLe Ambassador of Bolivia and 

Cfttidog privately printed* 
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The writer, who for some jeais had beeo Acting Director, was ap 
pointed Director of the National Collection of Fine Arts on July 28, 
1046. 

Hespectfully submitted. 

R. P, ToiAtAs, Dir^tor, 

Db. A> Wetmohe, 

Secretary^ JStnithsojuan Institvtiim. 
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EEPORT OS THE FREER G^SiLERY OF ART 

Sih: I hare the honor to snbmit the tifenty-sevanth annual report 
on the Freer Gallery of Art for tha year ended June 30,194T. 

the COLUSTtlONfl 

Additions to the CDllectioaa by purchase were as follows: 


Cb!n«e {Ordoa), mn dynasty m B- C.-A. D. 220). HnnUnHerlPiiI bowl 
with BliahUy averted Up; brown patlim with area* o( malDchlte aafl 
earthy encrustation; welded to one al>le la a flat horiumtnl handle on 
which staedfl the figure of a mole caat la the Moad. 0.100 * 0.1S2 x 

«J11. CTiIncaa, Sliang dynftaty {1700^1122 B. C.). Ceiemonlnl treasol of tho ty^ 
(itii;, llfht srftrifili.srwn patina with «me encmatatlon: arena of mnla- 
chlle, BiurJie, and etiprlte Inside; decorated with cnstlng So Intag^and 

relief'inscription of three characters, (Uluatrated.) 0,351 x O.ifflB. 

4T.L Chlsese. 4tb-3d ceotary B, a Foldhig hronM tripod^ stand 1“ ‘^rw 
parts; decorated with gold anti allrer Inlay. 0,574 (orer all, foltfeti). 

OUH 

Chinese. Tang dynasty (A- D. m^h Ohiate tawl wia 
amaUer lasntli, Ihlckened Up. and deeply concave bn»; thick fi«ii glass, 
surface gwund on ontaide except for snMiU transparent area 1“ 
of base; taside rougheaed and iridescent with deterlorat on, m a 
oa baA6. 0.t)60 i 0-14T* 

mm 

10.20- Chinese, T'ang dynasty (A. D. 61S-tHW)- Apia rases ^ 

4ft2l, the round In flying posUten with flowing robes; 

Streamers In filigree wort around bodies; crown* and flo^ ne^lacw, 
extended hands hoid lotus flowers: enra pierced 

an Intricate flUgrw clond pattern support. 0.037 x 0.088 I 0,{>!jr , 0.087 

lfi.£2, Chinese, Six dynasUea period (A. D. 25?.^). Pair 

thin sheet of gold with a winged hof« In repottss# relief; 

In bcdJground and doable border of V pattern; (ragmen^ of pl^er 
adbet^ag to rerersc aide of each. O.tdB x 0.120 x 0 018; 0.070 i . * 

0.010. 

JADEE 

4710 Chinese i^-36 century B. C. Cylimlrlcal cotered cap of ‘ 

BHTiiwTt^ on thw flfljult RDJJUlar hunille on doo eSdej decorttl^ 

“’.SJ f. “i« BMlio: 0.™ «n« » »«• 

(ntufftnitert/) O^ITO ^ 0,0Bi. 
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47:l 


47A 


41M 


47.7 


S« Jinn; b«* of 303 (oil*piu, 1 „d,irf , ag 

^ p^fttings in gold and color: lUninftiBtBd bcadpiecwi tallpteees and 

^==■——=^“£," 2 =; 

4*^. Armoulan^ A. lOih cetunrj, PaRo « Qi>5™i a 

moot:on revere: cantn lablo - on^b™ t^- 

arcb»: brown-bin^ 

purpli>; torn mid Ftalncd on cdgtB. 0^ a o^i feUow, and 

oitTaiiSnr: :^\ - --- 

vcrMo : fluraJ sctoWa wlUi feUiio^eada ri«v' ^ IftridEdpe; 

mm flmaji aionj twa wormholes 

Persian, a. D. iSjT. Lt^iLf from Fflja/ H-ZKlaf^ai i t* 

^11 nnainvi^ acript; mannscrlpt loaf 

brown popcr with border dealinis in ^ ^ eraj lah- 

ambesquM; oerto: Uoua („™ scroll^ and 

0JB21 0.140, ^ ^ ^ iandscope: woraboloa. 

m3(Ti,'co 

Pentlon, A. D. nildd^e Ulili coniiirv 
converHinjataaiirlneicalor; threeilnnanf courtier 

wrner: «t In nn old olbum mount Jlth ^ 

B«ffo ‘«ff sorlpt, 0.32a lOjiaa. writing In red 

Penlon. A. D. 1341, Mongol (U-E1 i1Id 1 nerlod fnin i. 

nwnuacrJpi of Mu Bfi at^AArir fj ^ 

nrt;i2dieermlw„a,Mi,fta,5„ "•' “<"“ “1 

-*« q»-: Co™ .„ ‘"•>« 

s. "“'"‘■= ■“■*'“ oisi 

«TOmJ mi„u„,, S^** '" ""'“'B* .cr],! 

>cnpt;sngbajr tom: blui of paintchinn»i I* poetry in naafa'lft; 

Tfmnrld Period U n l <>-'S®^0.l0ft ^ 

tnnsb Be* wlUi Indies of his harem anrt^t ®“*“‘^'^“und aebool, 
UMa of PetBlnn poctiy u, Mrf-.p™ T "**^‘'*« = ««lo« and gold; si* 
breaks In 


44L13. 


46,14 


40:16 


4ai7. 


40J26 


S«rrtir7'i fttpOfl. ^ 


PUIT^ t 



i 
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Indiad, Hajpnt period (A. D. ITti wntury), BiJnsclUnl, 
schfiol* Wfliman holding a Hnd aM flower under a tree niXh^ 
attracted fey tte rouflic, in front of her: drawing In black on yellow!^ 
paper: on rsTWse; small drawing of buat of a woman In black and gold. 
SDiDlI BtaLns, lear^K nad sonae flflJtlng. 0460 i 0.113. 

W3S Indian. SftiBbai perind ( JL D. at-nehool of JtWnglr. Durbar^ 
of JnbBD^r: oolora and gold: mountad on on album leaf; two InMnpUona 
and Id&ntiflcatlon notes; Blight flaklnfir 0.1^ x 0.123- 
4T.5. Amble (BlesopotamlaJ, A. R 1224^ Baghdad KbwL “ 

nn Arable mannacrlpt of tbe Jfoterta Afedfca of Dloflcorldes. the GtMb 
phyalclnn BnwlBtratoa lying on a low bena with 
In front of Him, opaqne colors and gold; text on both sides la «mWI 
Script I ft Jew womtlioTeft and tears* 0.322 x 0.24^ 

PAlSTIWa A^fU SlARlTgcSIFl 

4ai5 Persian, A. D. Iflth-lTth wntury. Composite leaf comUstlng of * “J 

Dancing Sufis by Ustid mibamtnodl of HaMt. a pnlnttag of A Cliwtw of 
Prlm™« by Muriid. a page of pro* in aaala'II^ 

poetry In Botfo^Hg by ShAh Unbrnad; old album mounting with floral 
ration Iti £Qld* 0,450 x 0 303. 

PCrTTOT 

bottle-Hliapea ynae wn^ »„l.tre de lane": brown drcsalng 

OJOlx O.Cm). L.T|fl^^!Vtlfta. Tose filtli oc- 

.beMs Vita™ «« .1* ««ne« '« 

N. mJO, .oowb,,. bo... = 

.q„ta h.. J.O-.1 D™ bowl wlU, 

r.:rxr™",r:£r/£^ - -—= 

two smnll rapalra on rim nangfe fl.HS f 

aa-va 

. _ ,~vT R r-A. D 220)- 

«JP. Chinese, Han dynasty (2m B. . leaping wolflllw dOg cart 

,11,..: ,.-b ■"'> “"“'fJdt, M wITwi ■' 

in reUef: reverse U mogh and pittw wiuj u 
Boine cnvltlaii 0.080 i 0-157 i OfllS- 
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The work of the staff m&mbeTH has devoted to the study of new 
acc^^ons, of objects submitted for purchase, and to g;eRei:^l research 
work within the collections of Chinese, Japaneae, Arabic^ Persian, 
and Indian materials* The preparation of materials for publication 
has continued* Reports, oral or written, were made upon ob¬ 
jects and 1,S11 reproductions of objects submitted for examination { 
and 353 Oriental language Inscriptions were translated* 

REPACRS TP THIE ODLiLECnONB 

A total of 2T objects were remounted or repaired as foUows: 


Chiacse caui^aphy Temancted—_ _____ _ ___ 1 

Cblnw oaUuItLga romauated^-—-—-. 7 

Jniiaeese patatlngs remounteU-^__ —„ 12 

Euift Obrlstlan painUnig reioouuted^^ _______ _ __ 1 

Ponsiao mtoJatum remaanted^^. ____ _^____ _ 1 

Greek taamuscript pagedt n>paired______,— _ __ _ 2 

Indian palaUiiff repaired*,^ _____ ____l 

Japanese painting repaired _ _ _ _________ 1 

Feralan palntEn^ w^pHlred . ■ . . _ _ _ _ __ _ _1 


cHANaEs IN rxiiuirrioxs 

Eight hundred forty-four changes in exhibitions were made as 
follows * 


American arts: 

Litkci^pibB--—-—_______15 

Bj'zoDtlDe arts! 

Gold— ------.. .. U 

Rack crystal—-______ S 

Ractrlen arts: Metalworks— ________ 4 

ClUnese arta: 

Bamboo wood earring.___ _ __ -_ _ fl 

Gold---------11 

troa and gold-- - - -------- 2 

Jade___________ _ _ 48 

Liicquer._____ _ _ _ __ _______ _3 

PalnUcg---.- - ------ - - - -- 124 

Pottery-______^____ 230 

Ellrer _ — - ~ _____ . _ _ __£ 

Stoae Bcntptnre^_____ _ _ 4 

Teitlle- - - -- - - 2 

CbdaUan arts: 

AjnaeaKan manascrlpts^-_ _■ _- - _ _ ___2S 

Anaeoian manmTlpl —_______3 

OoptJc roaouscript pages--- - . . __ . s 

Greek oiaDascrlpts^_ _ - - . _lo 

Greek manascript pages—.______ _ ig 

Greek patatlog-— ______ _ __ 13 
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Indian arte: 

Bropsa- —- - --- 

MflDUBcrlpt pag?a-_^-— — 

Folntinga - - — — 

Stone Bcn^ptpre—- - 

jApanese arta: PalntiDt:—^ -- 

Edreap arta: Pottfitr^ - -— 

Persian arts: 

Gold,.,-^—— 

Meialvorle—- -- —— 

Syrian arte: 

BnLBS,- - - - - 

GUiaa-_ 


1 

2 
XOl 

3 

0 

. 23 
2 

. 14 

. 6 

. 13 


In connection with the CeiitBimiu.1 celebration of the Smithsonian 
Institution a special eibibition showing representative examples of 
Chinese art from the Neolithic age to the eighteenth wntury wan 
assembled in Gallery XIII from the material in the collections. A 

special Gallery Book accompanied this eihibition. 

In connection with the Sympoaimn on Byzantine Studies held at Uie 
Dumbarton OaksBosearch Library and CoUection a sp^ial eshibitim 
of lata classical and early Christian art was assembled m iaallery Vl 
from materials in the colleetioiis* 

BTOTT C0LIiECnO2?S 

A notabl. .dditi™ »the study «.ll««o«= of th« 
tutiou was tbo matttW giv® by Dr. Ernst HOTfeld. of 
S J TOs Rill, tuown OS tbs HsraWd A«b..e, was mads to tbs 

SmLtbaonisn Ipstitalioa wilb proyiw that “ 

mtol to Dr. Wstrnor. was dated April 24, 194S, arf tbs toatoml 
reached the Gallery on June 6; hut the time required to unlock 
cases and make a preUminary check of the intents prevented its me - 

1!>03 and 103tS in the course of archeological expediUona to the Near 
Siich iuded excavations at Somarra, Sislan Fasarga^j md 
While a detaUed eatalog has yet to be completed, the 
folloT^ng brief list suggests the scope and nature of the Archive. 

1 . fiO woodea bD-es eoctaJnia, GO ectati™ each- Catolo* of the aepi- 

bnUtllaEa acnlpture. objetta of arr, ific, 

Insprlptlees. —.j* in ihe Qeld A nunibw of boa 

‘ St,r —•” 
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4. D9 objects loelQdlc; pottery And metalirark of no apoolal inAteilAl mlQe> 
but of some Acieiit[& lotereat. 

It is the donor’s wish thst these materinls be used for stnd^ end 
pnblication bj members of the Institution staff and other qualified 
scholars, and that the objects be aTuilable for exhibition in the Institn- 
tion at the discretion of the Director of the Freer QaUcir of Art. 

ATTENBAWen 

The Gallery was open to the public from 9 to 4:30 every day 
except Christmas Day. The total number of visitors to come in 
the main entrance was lOT^T. The weekday total was 60 , 031 , grid 
the Sunday total was ST,S06. The average weekday attendance was 
2 S 0 , the average Sunday attendance, 623. The highest monthly at* 
tendance was in April with 15,794 visitors j the lowest, in February 
with 4,053 visitors. 

There were 1,016 visitors to the main office during the year; the 
purposes of their visits were as follows: 

For gen^iiLL infurmiitloii_________ 

To seo et&flf meiobcrs-_____ 

To pend In ibe Hbrary . . . ______ 

To Jncik& and traeln^ frinn library bo^loi _ 

To buUdiiig H&d liiBtailattous_ _ _______ 

To pbotOj^phs In Oort and la tlie exblMtlou 

^illerleB_-_____ _ _ _ _ 

To examine, benoWa Or purebaae' pbotojgrnptifl and 

To suboilt objects for examlnalloii-^_____ 

To oee objeols In Etorago: 

Wajdiln;^ 0 D MannoedpEs-..__ _ __40 

Far EoBtern pointing and textiles_ _ _ -____ 74 

Kenr Eamtera pA bating and ciBiinsorlptB.^___ 23 

Tibetan palntla^._ . ____ , 5 

JodJatl and mannanriphi _ _ _ 9 

AmorlcuD pnlntln^^______ _ __ gfl 

AmerlcilD 3 

WbLitJer prints_ 19 

Oriental puttepy, iadep bPPfi^e, Lncqacr^ and baiinbcMJ„__ 83 

Cold treasure ood Bjauttne objeeta-_ ___ IS 

All sculptane^^^,^^_ _ _ 10 

Syrian and other glnaa _ _ _____ 4 

DQCEiiT SKKVICE, LECTUHEB^ MEETllfOS 

By requeid, 10 groups met in the exhibition et^llerios for instruction 
by staff Tuemberb. Total attendance was 18S. 


1 , E^9 
00 
250 
9 
13 

27 

as© 

471 


32T 
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On invitation, the tollowiDg lecturaa were given outside the Gallery 
by stafT members: 


19+T 

Jaa, B9- 


Alar. ID.. 


Mar. 25. 


Apr. 10- 


Mr. Poije read a paper on A dilaesc lAe^ner Statue in thi^ 
Nepalese Stjle <45.4 J before tJne Far Eastern Section 
of the College Art ABsoclntloa at the Metropolitan 
Mnseom of Art, New TorJL Att^adabce- 100. 

Dr. EttiD^hansea lectured on Basic Facti aljoat Oriental 
Rtigu at the Womea's OommonSty Clnb, KeiislD^cin. Md. 
Attendance: 121. 

Mnr. IT^___I>r. Ettlnghaiiseij lectured on Persino Miniature PalaUc* 

at the Foicmft School, ^tiddlehur^, Va. Attendance: 

m 

Dr. Ettinghansen Ifictnred on Islamic Art ^ New Ap¬ 
proaches la Besearcli at the Princeton UnlrersU^ Bl- 
centennlnl Conference ou Near Enstero Culture and 
Socletjp Prlncetenp N. J. Attendance: 65. 

Mr. pope lectured on The Freer GaLler/ of Art and its 
CoUccCioiis at the American Awociatlao of DntTersttj 
WoiocDp Wnshtngtoiii D. C. Attendance J SO. 

The Auditorium was used for meetings as follows: 

if 

Oct. 9_____. Bureau of Economies, U- S. Dopartutmt of ABrlculture. 

AtteuHlaiKe: 250. 

_Burenn of Economics, U. S. Deiwrtmeat of Asrlculiare- 

Attendance: Z?5. 

_Bureau of Economics, U, S. Deuartment of Agrlnilntre. 

Atieudonce: SCO. 

_0(n(..e of the Attornej OeueriLl, Conlenjnce on the Control 

of Javentle Delluneency. Attendance J 83. 

__ Office of tlie Attorney General. Conference on the Control 
of JfuTenile DellDqaeacj. Attendance: CO. 

_Or John L. Keddy, Asslitant fiecretair, Smlthsonlnti 

InsUtntlon. Attendance: 23. 

_Amerlcati Oriental Society, Anciiol Meetljig, Attendance: 

106 . 

Acrerlcan Orientfll Society, Aannal Mcetlwf. Attendiince! 
83. 

j~_American Orlenlal Society, Anauad Mhetins. Attendance: 

48. 

Membere of the staff traveled outside of Wa^iington for professional 
purposes as follows: 

Iff4 

Sept SO-Oct. 23— 


Oct. 10- 


Oct. 11_—_- 

KOT. 20_ 

Not, 2l_.-— 

Decf. a__ 


I.IT 



Kev, 4-13_ 


Mr. Pope in Chicago, Kausas City, illniieapoHa. Ann Arbor. 
Boston, Cambridge, anil New York to esaalne oblecta 
belonging to BousecniB, tvlvate goUectrona, and dealeta. 
Mr Wimley in Chicago, Kanaa* City, Minneapolis, and 
^ Ann Arbor to aainlne objects belonging to musenms. 
prlrate coUwtlnnA and dealers. 


A r 

M *• m 

u ^ ^ 


i 
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Jan, 28-IVb. 9-Dr, G(trnshai»eQ la New Totk and Boaton to oiomliKi 

obJcsctB bel&itffiiij; to tdus^tuzffi and deiUefli. 

Mr. Wenlejf In Kow York bo ^amLiu^ objects to 

aeaiei^ 

Dr. EbtlD^aoseti at tended Near Eastern Ganference of tbe 
tJoirersity Blcenteuniai Celebration tit Princeton UnJ- 
Tersity. 

Mr, Wenley attended tbe Conference on Par Enstera Att 
and Cnltnre at fbe Bieentennlal CeiebratSon of Princeton 
CTnirereity wberc be seired m Cbairmaa of tbe Coa- 
forenoe od Cblnone Painting 

Mr. Pope stteoded the Confewncse on Par Emtem Art and 
Culbiire at Princ^on. 

aSr. Aeker attended the Conference on Far Eastern Art 
and CiUture at PrtocetoiL, 

Dr. EttlnkhanBen In New York to eymnine objects belong- 
Jn^ to deajefs. 

Dr. IStdngliAaeen la Prinreton, N. J,, to attend ranference 
on Hes^nrob In Fine Arte. 

Dr. EttJnghaiiBcn In DattitdDDe to attend opening of e^lti- 
tion of Byzantine Art st Baltimore Miisemn. 

Dr. EttlnKbAosea nt Walters Art Gallery, BaiUaiote, to 
exomine objeets In the collection. 


Mar. lT-21_ 


Mar. 2^£S_ 


Mar, 3X-Apr, 3w^ _ 


Mar. ai-Apr, 3_-_. 

Apr. 8 --— 

Apr. 

Apr. 22-23 _ _ 

Apr. _ 

May 14 _____ _ 


May 23^_ 


Jnne ^1^. 


-Mr. Pope tn Pbflndelplila to examine objects In the Fbtln- 

delphJa JUaaettm of Art 

—UaUtOB. UbrttlHii, altmdcd ananal coDTeatton of 
Special Ubraiiea Association, Chicago, m 
June lO-aO-- Mr- Pope at Fogg Muscuin of Art, Cambridge. Unas., to 

etndr btenxe forgeries and examine objects In the coUec- 
tJom 

June SIMtily 4-Mrs. Usllton attended anntial cunventloo of Aoicrlcsn 

Wbnry Aasadatloa, San Francisco, Calif. 

John A. Pope, Associate in Kesearch, wag appointed Assistant Bi¬ 
rector, July t, 1940. 

Bcspectfully sabmitted. 

A. G, WzNLET, Director, 

Dr. A. WmioBE, 

Secretary^ SmitAaom'tn Inetitueim, 








APPENDIX 5 

REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY 

Sib ; I hare the honor to suhniit the foUovriDg report on the Beld 
researdies, office work, and other operations of tlie Bureau of Amerj- 
can Ethnology during tlie fiscal year ended June 30, 104T, conducted 
in accordance wth the Act of Congress of Juno 27, 1044, which 
provides * for continuing ethnological researches among 

the American Indians and the natives of Hawaii and the excavation 
and preservation of archeologCc remains. * • 

sTsrEMAXio HzaEaRCtii:s 

Dr. il- W. Stirling, Cliiaf of the Bureau, spent the greater part 
of the fiscal year in Washington, attending to sdminiatrative duties 
and completing for publication reports on atcheological field work 
in southern Meiioo, Two papers were completed entitled “An 
Archeological Becotmaissance of the State of Tabasco, Mexico,” and 
“Piedra Parada, a Chiapas Highland Site.” Considernhle progress 
was also made oil a paper entitled “Additional Stone Monunienta 
of Southern Mexico.” 

Several lectures were given during the year on anthropological 
subjects. In April 1947 Dr. Stirling went to Houston, Tex., as 
representative of the Smithsonian Institution at the Inauguration of 
Dr. Wm. Vermilion Houston as President of Rice Institute. 

Dr. Frank H. H. Roberta, Jr., Associate Chief of the Bureau and 
Director of the River Basin Survey a, devoted the major part of his 
time during tlie fiscal year to directing the program of the River 
Basin Surveys. The latter is a cooperative project between tlie 
Smithsonian Institution, the National Park Service, the Bureau of 
Rechnnation, and the Corps of Engineers, United States Army. Its 
purpose is tlie recovery of such archeological and paleontological 
information and materials os will be lost throiigli the construction 
of dams and the creation of large reservoirs in many of the river 
valleys of tlio United States. 

In directing the survey work Dr. Roberts recruited personnel, 
arranged for supplies and equipment, established cooperation with 
local institutions in various parts of the country, prepared over-all 
plans for a Nation-wide archeological progiaiu, wrote progress tO’ 
ports for the cooperating agencies, and aided in the preparation of 
preliminary reports on the results of surreys in various reservoir 
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areas. He went to Atlanta, Ga«, Jnlj 23^^, 1943, to coDfer with 
representatives of the Kational Park Service and engineers in the 
office of the Division Engineer for the South Atlantic Division, Corps 
of Engineers, about the problems in that area. He want to Lincoln, 
Xebr., September 24 to October 4, to meet the incoming held parties 
from the Missouri Basin. At tliat time he received reports on the 
explorations, discussed plans for future investigations, and assisted 
In making arrangements for carrying on the work at the held head¬ 
quarters during the fall and winter months. While at Lincoln he 
made two trips to Omaha to confer with officials of the National 
Park Service, Begiun S, and engineers from the office of the Divisian 
Engineer, Missouri River Division, Corps of Engineers. From De¬ 
cember 26 to 31, he was in Chicago, IlL, to take part in a symposium 
on river valley archeology in which there were representatives from 
the National Park Service, the American Anthropological Associa¬ 
tion, the Society for American Archeology, the Committee for the 
Recovery of Archeological Remains, and several universities. Dr, 
Roberts' report on the activities of the River Basin Surveys appears 
in subsequent pages. 

During the course of the year Dr. Roberts wrote several book 
reviews for anthnopalogical journals, annotated four books for the 
United States Quarterly Book List, prepared a number of popular 
articles on tire work of the River Basin Surveys, and served as a con¬ 
sultant on manuscripts on anthropology and archeology for several 
ftiiiiyclopedias. 

Dt* Bobetls was the JJeparttnent fepresentatiTe on 

Eflicieiicy Rating BoartJ of Review for the SmUhsonian Institution. 
It! this connectfon he Attooded the Civil Service Conmiission Lnstitute 
of Efficiency Rating Boards of Review. He represented the Smith¬ 
sonian Institution at a meeting held in Washington, D* April 15. 
104Tj for the purpose of ozonizing a National Council for Historic 
Sites and Buildings^ 

From July 1,to June 30j 194T, Dr* Roberts Bcrred as a member 
of tlie eiecutive committee of the Division of Anthropology and 
P^chology, Kational Research CounoiL 

During the absences of the Chief, Dr. Roberts was Acting Chief of 
the Bureau. 

The beginning of the fiscal year found Dr. John P. Harrington, 
ethnologist, at Searchlight, Nev.j from which point he traveled with 
Murl Emery to a point above Cottonwood Island in one of the wildest 
portions of the Colorado River where, according to Indian tradition^ is 
tlie house of MutavUya, principal deity of the lower Colorado region. 
The house of ^lataTilya was discovered to be a natural formation cou’^ 
sisting of a butte about 200 feet high on the western side of the river, 
and opposite this butte another, perhaps 500 feet in height, on the 
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eastern side of the river. These two buttes ere interpreted by the 
ancient Indians of the region as being what remains of the doorposts 
of the house of Matavilya, end Indian tradition baa evidently attached 
itself to this place for many generations, probably for many centuries. 

The interesting myth was obtained which recounts the destruction 
of the house at the time of the cremation of Matavilya, Consmer- 
able time wos spent in checking with surviving ancient Indians in 
regard to the discovery of tins important site, Dr. Harrington going as 

far 08 Tehschapi, Calif., for this purpose. 

On November 6, lii46, Dr. Harringlon returned to Washington, 
D. C., and the entire remainder of the fiscal year was spent m sorting 
over and preparing various articles for publication. 

The first of these undertakings was tho preparation of ^ article on 
the State Names of Mexico. This paper covers not only the state 
and territory names of Mexico, but also the country namw of Central 
America and South America. Several of the etymologies are new 
Qotably that of the name of the Meiican State of Yucat^, which 
is here seen to be derived perhaps from a hypodietical form h ucahten 

The nest item completed was an article on the Tewa language o 
New Mexico. A paper on tho Piovince Names of Canada was acx 
finished. Compilation for this work had long been m progress, part 
of it done in Canada. 

An extnnrive paptr nn the Altut..n kneua^ ttM ncit jnto. 
emhodving the results of previous field stork in Aksti. Anot^r 
paper ‘.res prepared eunaisting of a detaiW ethnoEoogmphie deaerip- 
firTui tho nroireting rooks and islands oj tho coast of California. 

rreSu£riJT“ ^ completed with tho tillo -‘(Jiiirik is *o Nativo 

Koto of San Folipo Pueblo.” This paper sets forth the imique threis 

uTBlndelior la irone in aasundng that Quite., whieh pw. it name 
mho Koreaen liusuiatic stock, la Botnalillo, or any aito ,u ho vicunt, 
of Bernalillo, but that the recorded form is a S[wnisb s^llmg of the 
T j- Felinei. The Tewa of the Castaneda account of 

cConado Expedition would then be Isleta, and Isleta b still culled 

^XVmnb^'Tshort papers were also written, the titles being as 
follows: 

S: Meatloa. «< m. ku„.o« «»» .< 

Tbe Nnme Cbnckwalla. 

mta. a Short-Cnt lor Saying Biito, 

Dp AJnrcfin has tte Nsuie *f luajl SatU^sa. 

OUvetltt River, (he Old Name ol Saata Fe Cteet 
TraU Holder. 

H’anlfo, Origlnul Koresan Name ol Acoma, 

77HBa—*a—s 
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Dfi Plcuiy B. Collins^ cthuologi^, coutlotied his investigations in 
Eskimo ttiitiuopology, During the winter he completed the jiumbef- 
ing wid catttloging of hia collection of some 7>(K>0 archeologicai specN 
mens excavated at Ca2)e Prince of Wales and other prehistoric Eskimo 
Tiilttgc sites around Bering Strait. 

At the i'ebruaiy meeting of the Board of Governors of tile Arctic 
Xnatitute of ^orth America) Dr. Collins was elected vice chairman of 
the Institute. His article, The Origiu and Antiquity of the Eskimo, 
tracing the Old orld niSliatione of the Eskimo culture and nice type, 
will appear as one of the chapters of a generj,! book on the Arctic to be 
published by the Arctic Institute, 

In May Dr. Collin ii-as appointed Chairman of the Directing Com¬ 
mittee for the Arctic Bibliography and Roster, two separate projects 
which the Arctic Institute of Xorth America is canying out under 
contract for the Office of Naval Research of the Kovy Department. 
In these projects the Arctic Institute is receiving active coojie ration 
and asaistfmee from the Libraiy of Congr^s and the National Re¬ 
search Council. Officials of the latter organiaations, and represeuta- 
tivee of the Jfavy, Array, and Board of Governors of the Arctic Insti¬ 
tute comprise the directing committee, which serves as a poltcv and 
advisory body with the KS|>oDsibility of organising und supervising 
the work on the two projects. The bibliographv pi-oject will be con¬ 
ducted by four experienced bibliographers, with clerical assistants, 
working in the principl libraries in the United States and Canada, 
It will have as its objective the compilatiou of an annotated, fully 
indexed bibliography covering the descriptive, geographical, and 
other scientiiic literature on the Arctic from the earliest historical 
writings to those of the present time. It is estimated that the bibli¬ 
ography project will require at least a years for completion. ITic 
Ro^er of Arctic Specialists, a S-ycar project, is to be conducted by a 
^aff of three workers, headed by a former official of the National 
Roster of Scientific and Specialized PersoimeL The roster will be 
patterned after the Notional Roster and the World Roster of Area 
and Lanpago Specialist compiled by the Ethnogeographic Board 
during the war. Its purpose will be to assemble a comprehensive 
record of the experience and specialized knowledge of scientists, ei- 
piorera, writers, and Arctic residents who possess first-hand informa¬ 
tion of value concerning die Arctic and sub-Arctic regions. 

Dr. wrote the article Anthropology for the 1347 Eiicyclo- 

ps^a Bntennica Book of the Year. He also served as anthro- 
plopcalwn^ltant for the Ency clopedia Arctica, which isbeingedited 
by Dr. Vilhjalmur ytefansson for the Navy Department. In tins 
capacity La organized the anthropological sections of the Encyclo¬ 
pedia and oontnbuted several articles on archeological subjects. 
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fn June Dr. CoUina kft Washington for Martha's Vineyard, Mass., 
to conduct a 6 weeks’ archeological surrey of the island. 

Returning to a study of the eocial organisation and ceremonial life 
of the Seneca Kation commenecd before the war, Dr. William N. Fen¬ 
ton, ethnoiogiaU establiahed field quarters on the Allegany Reeerva- 
tion between July 1 and September 18, when he returned to Washing¬ 
ton. Obserrationa made 10 years ago were reputed at meetings of 
two orders of tlw Medicine Society, and obserrmg the Green Com 
FestiraJ for the fifth time afforded information on social and cultural 
change. At the behest of one of the chiefe, Dr, Fenton recorded from 
Fannie Stevena, matron of the Heroai clan, eoTeni] hundred personal 
names belonging to the eight Seneca clans. Bocordings made in 1045 
for a fortJicoming album of Seneca music were played repeatedly to 
the singers and interpretore to assure accuracy of te:cts, With a 
possible documentary film in mind, 700 feet of Ifi-mm. Itodachroma 
moTlng pictures were taken of rarioua activities in the Coldspring 
comrnuiiity. An additional week of fidd work from October 7 to 12 
permitted verifying some of the personal names in genealogies taken 
in 1933. 

Cultural affinities between the northern Itoquoians and tlieir 
southern cousins, the Cherokee of the Great Smoky Mountains, have 
Occupied the attention of BureoTi ethnologists sanco Slooneya time. 
At the invitation of Lester M. Hargretf, of Wadiington, the bibii- 
flginpher of Indian Laws, Dr. Fenton motored to Cherokee, N. C., in 
early December. We owe a brief and intensiTe introiluction to 
Cherokee ethnology to Will West Ia>ng, who was IT when James 
Mooney came to Cherokee and whose name is asSfxiated with the work 
of eveiy field ethnologist who ventured into Big Cove settlement from 
1887 until March 14,1947, when Will passed away. 

Dr. Fenton obtained information for contrasting the Doogah Donee 
of the Cherokee with masked performances of the Iroquois Falsa-face 
Society, and some additional details were collected on the Eagle Dance, 
a variant of the calumet ritual, which reached the Iroquois during the 
eighteenth century by one doenmonted line of diffusion from the 
Catewba and Cherokw of the Southeast, "mien recordings of Cherokee 
and Seneca Eagle Dance songs are compaix'd. it will develop that 
they are derived from a common Bource. Photographs were made of 
the Cherokee mssk-making process, and some portraits of Mr. Long in 
characteristic Eiigle Dunce postures. A report of these findings has 

been prepared for publication. ^ ^ 

Two collections of Americana seen on this trip deserve mention. 1 he 
MacGregor Collection in the Library of the Univc^ty of Virpnia 
contains some notable early items on American Indians. Dr. T. H. 
Spence, Librarian of the Historical Foundation of the Presbyterian 
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Reformed Church, Montneat, N, G, called attention to an eitramely 
rare pamplet which describea Chickasaw and Choctaw towns, locates 
certain inoTOds, and contains notes on pigeon roosts (A Brief History 
of the AfksUsippi Territory; to Which is Prefixed a Summary View of 
the Countcj* between the Settlements on Cumberland River, and the 
Territoiy, by Rev. James Hall, A. M., Salkbnry (K G); 12 mo., pp. 
(2) 70, printed by Franas Oonpfe, 1801), 

The second conference on Iroquois r^seareh, which Dr. Fenton 
organized in 1945, was again the outstanding event in Iroquois studies. 
The conference, hold October 4, 5, and 6, in cooperation with the AJ- 
legany State Park Commission at Red House, IT. Y.. brought together 
anthropologists and historians interested in the Iroquois from the 
Northeastern States, Canada, and the Middle West. Charles E. Cong- 
don of Salamanca, N. T., and Merle H, Doardorfl of Warren, Pa., were 
ooliosts to the oouf er^ce. 

Dr. Fenton gave several lectures during the year on topics related 
to his work; on September 10 to the L, H. Morgan Chapter, New 
York State Archaeological Association, Rochester; October 15 to the 
Anthropological Society of Washington; December 12 to the Arts 
Club of Washington, 

A chapter was completed for a forthcoming report of the American 
Folklore Society: ‘^Research in American Folklore: Plains, Eastern 
Woodlands, and Contact Folklore between Indians and Colonial 
Settlers.” Seneca Songs from Coldspring txjnghouse was prej>ared 
^ program notes to an album of records whieli the Library of Congre^ 
is publishing. Work was continued on a final draft of a report for 
the Smithsonian Miscellaneous Collections, A Cayuga Condolenoa 
Cane with Dictographs Denominating the Founders of the Iroquois 
longue, a study which Dr. Fenton coromenced several years a"o at 
the request of the Cranbrook Inutitu te of Science. 

As a member of the Committee on International Cooperation in 
Antliropology, National Research Council, Dr. Fenton attended two 
meetings in Wasliington, and prepared a report on Anlhropology 
during the War, VIT: The Arab World (American Antlrropologist, 
1947, pp. 342riJ43). He relinquished Becretaryship of tJie Anthroix>* 
logical StKieiy of Washington, becoming vice president, and continued 
to give considerable time to the Journal of the Washington Academy 
of Sciences, as senior editor during 1947, 

Place names and related activities of tho Cornplanter 
Senecas, V :Tlie path to Conewango (Pennsylvania Archaeologist vol 
16, pp. 4i^6, April 1940). 

Tffi-yendagon (Woodcator) takes tho heavenly path; on the death 
of Henry Redeye (1864 ?-mS), Speaker of the Coldgpring Seneca 
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Lon^liousa (AtnerScjiii Indian, American Association on Itidian 
AfFairs, Tol. 3, No. 3, pp. 194C), 

Integration of Geography anii Anthropology in Army Area Study 
Curricala (BuHetin American Association of University Professors, 
Tol. 33, No. 4, pp. G06-T0G, winter, 1946). 

Area studies in American universities {Commission on Implica* 
tions, Armetl Services Educational Programs, American Council on 
Education, si+89 pp., IVashingtonj 1947). 

In addition, aevernl reviews were prepared and published in the 
United States Quarterly Book List, and in other ioumala. 

Dr. Philip Drucker, anthropologist, returned to his official station 
at Wasldnglon from Mexico at the beginning of the fiscal year. WUila 
awaiting the arrival of the collections from San Lorenzo TenochtiGan, 
be began a study of the La Venta ceramic collections, excavated by 
the National Geographic Society-Smithsonian Institution expedition 
in the spring of 1943. 

During the ensuing months he classified soma 34,000 sherda from 
the site of La Venta, recording descriptive data and stratigraphic dis¬ 
tributions which will be embodied in the final report on the culture 
represented at Giis key site of Olmec culture. At the conclusion of 
hia study of these materials Ita prepared a brief paper entitled ‘^Some 
Implications of La Venta Ceramics,'’ for the Smitlisonian Miscellane¬ 
ous Collections. ^ _ 

On February 8,1947, he proceeded from Washington to Mexico on a 
joint expedition of the National Geographic Society and the Smith- 
Bonian Institution. The purpose of this expedition was to make an 
archeological survey of the Piicific coast of the state of Chiapas, 
Mexico. From the time of hia arrival in Tapachula, Chiapas, on 
February 16, until his departure from Tonala, Chiapas, on May 24, 
he tested le archeological sitee, obtaining from each collectionn of 
sherds ranging from 2,000 to 4,000 pieces on the average. Among 
these sites were several whose ceramics indicated a relationship with 
the Mixteco-Puebla area of the Highland, and which are probably to 
be attributed to the late pre-Conquest iatrusions of the Nabuatl-speak- 
ing PipU, colonies of whom penetrated as far southeastward na Nica¬ 
ragua. Other sites Yielded wares that indicate affiliation with more 
ancient horizons, one euch linking very definitely with the oldest ce- 
ramie complex yet known from Guatemala Highland and coast : the 
Mimflores horizon. One of the outstanding finds of the survey was tha 
discovery of a midden deposit over 3 meters in depth, oontamxng po^ 
tery in the upper 1.2 m., and no trace of ceramics below this pornL Th is 
site requines mote eitenaiv© eic^ivatiOB thaii was possible dunpg the 
survey, but It is quite possible that it may contaio the earliest remains 
yet known from southern Mexico and Central Amenea perhaps pre- 
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temnuc and tady ceraniic horizons Those existence up to dow lias 
only bean suspected but never clemoiiiftrated. 

In the mondi of Murch, during the survey work, Dr. Dnicker made 
a brief visit to Gtiatemalu City where, through the courtesy of Drs. 
R. E, Sniith and Edwin Sliook of the Carnegie Institution, he was 
permitted to study pottery oollectiona from the Guatemala Highlands 
and coast, in the Carnegie Institution Laboratoiy, 

From TonaJa, Dr. Dnicker proceeded to Mexico City to arrange for 
the eiportation of the coHectiona. 

On June 0 Dr. Drucker arrived in Washington, D. C., where he 
was detailed to the River Biisin Surveys project, under the di met ion 
of Dr. Frank H. il. Huberts, Jr., Associate Chief of the Bureau of 
American Et iinology. After a series of conferences witlj Dr. Roberts, 
Dr. Drucker proceeded on June 16 to the Pacific coast to take charge of 
archeological work in areas to be inundated by Bureau of Reclamation 
and Corps of Engineers HHm-j in that area. 

From Juiy 1 Uirougb September 1 Dr. Gordon R. Willey, anlbro- 
pologist, cont inued bis field investigations, begun in March of 19-16, 
as a member of the Virti Valley Expedition to northern Peru. The 
Vird program was a cooperative ottempt, on the part of a group of 
anthropologists and a geographer, lo study tlioroughly a single valley 
of the Peruvian coast as a living unit through some 3,000 years of time. 
Archeological, geographical, and modem community studies were 
embraced in tlie project, which was under the direction of a steering 
committee of the Institute of Andean Research. As one of the major 
participants. Dr. Willey represented the Bureau on the steering com¬ 
mittee. His own Ella re of the research consisted of a survey of die 
prehistoric settlement patterns of the valley. 

At the close of field operations in August over 300 sites had been 
studied from tho point of view of community plan or settlement 
pattern. Those sites were selected from all sections of the valley, and 
it is ^timoted that they represent a go-percent sample of the tolnJ 
sites In the valley. All types of sites were included in die sample- 
cemeteries, dwelling units, fortifications, temples, and palaces. In 
addition particular attention was paid to prehistoric irrigation canals 
evidences of past land utilisation, and ancient roads, Prelitninnry 
analysis shows eight cultural periods to bo represented. The sarvay 
was accomplished with the aid of jeep transportation and large-scale 
air photo-maps. A technique of site mapping, itivoiving the of 
na epidiflscopic projector, was worked out witii the air photos. The 
final report oa this survey is now in preparation. 

la addition to tlie settleaietit survey Willey also excavated at two 
burial sites, oae in the upper and one ia the lower vallev. A report 

on the fi rst of t h esc ait cs has recently been pnbl i shed. 

Early in August Willey took part ia the Conference on Peruvian 
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Archwlogy held &t Hsicienda ChicHn. At this time he pteseiitcd a 
preliminary summary of Ins field resiiJU. 

After the work in Vird was terminatedj Dr4 Wilky mado a brief 
risit to th& Liajnbflyequ& Valleyi north of tlie city of Trujilloj and 
examined collections in the importfint but little-triown Bnming 
Museum. Eetuming: south to Limaj he began a protracted trip by 
automobile^ going from Lima to CiUimadd and from there inland to the 
Lake Titicaca re^on* From Puno, on the lake^ he proceeded north to 
Cuzco^ AyacuchOj Huaneayo, and returned to Lima* During this 
trip, which consumed some 9 to S weeks during the mouth of Septem¬ 
ber, he visited numerous archeological dtea* Tlie most significant of 
these was the grest arohitectural cluster at Huari near Ai’acuchOj the 
presumed center for the Middle Period Tiahnanacoid diffusion 
throughout Peru. 

Upon his return to the United Stat^ in October Dr. Willey pre¬ 
pared several short papers and began the initial work of organi^mg 
noteS]. uiapSi and pbotogrnphs on the Viru eettlenient-pattern etudy^ 
He was engaged in this nntil April of 1947. I^or the last 3 months of 
the fiscal year he transferred his research interests toward the com¬ 
pletion of a largo moiiograph on the archeology of the Florida Gulf 
coast. This latter work, which embraces earlier field work of the 
author^ as well as past field studio made by the Bureau in the Florida 
Gulf arcflj is intended ns an over-all archeological summary of tha 
region^ 

During the vear Dr, Willev also serv^ed os assistant editor to the 
professional journsK American Antiquity, and submitted various news 
items on i^iit researches in archeology b South Amenta. He held 
a rimilnr position with the Handbook of Latin American Studies for 
which he prepared bibliograpliic extracts on some 50 titles dealing 
with South American archeology and wrote a general summaiy of 
recent archeoiogical activities for tlic South American Continent dur¬ 
ing the Year 1945. vr v 

lu April Dr. Willey visited the Public Museum at Rochester, X 
where he deUvenKl a lecture on the Virf work before the annual meet- 
ing of the New York State-iVrcheoiogicftl Society. 

Tlie following articles were written by Dr. Willey durmg the fecal 
year ; 

1. ThP Yird Yallejr ProffTftto in Northern Pchl Acta Amerlcnua, taL 4. No. 4, 

2. A M^dOlo Period Cemetorr In the Tlrd Valtef. Nortbem Peru, tmrr^ Waal,. 

Ington Acnd, Set, TOl. ST. No, 2.1D4T. . „ .j it —« ^ 

A Bctiadorean mirurlnM and the CSmmlc Hold lo the New World, (In prtsi.) 

4 Growth’Trends la New World cultures. (In press.) 

a Au Interpretative Atmlyal* of Hurlioa Styles In Porurlan ATebo^^logy. (In 
presi?. )f 

In addition, one book review was prepared for Science, 
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IlfSTliLTH OP SOCIAL AymROPOLOOT 

The Institute of Social Anthropology was created in 1043 as an 
eutonomous unit of the Bureau of Ajuoriean Ethnology to cort^ out 
coopera tire training in anthropological teaching and research with 
the other American Hepublics. During the past year it was hnanced 
fay Lransfera from the State Department, totaling $113,150, from the 
appropriation ‘‘Cooperation with the American Kepublics, 1D47.'’ The 
nmior activities of the Institute of Social Anthropology during the 
dscal year 1947 are as follows i 

Wiiahingtott —The Institute of Social Anthropology main¬ 

tains haadquarters in Waaliington for general planning, direction, and 
servicing of field projects. Dr. Julian H, Steward, founder and first 
Director of the Institute, resigned in September 1946 to accept a pro¬ 
fessorship at Columbia University. He was succeeded by Dr, George 
M. Foster, previously stationed in Maiioo as social ajithropologist of 
the Institute of Social Anthropology. 

Braril .—Cooperation with the Escola Livre de Sociologia e Politics 
began October 1,1945, when Dr, Donald Pierson was assigned as rep¬ 
resentative of the Institute of Social Anthropoiogy to Brazil. In 
February 104B Dr, Italervo Oberg was assigned as cultural anthioijolo- 
gist to cooperate witll the Escola Livre, 

In eficct, the Institute has taken over and e^anded a program W'hich 
was begun under Dr. Pierson in 194D and which has helped make the 
Escola Livre one of the most important social-science centers in South 
America, 

During the fiscal year 1947 Institute of Social Anthropology ecien- 
tists have given seven courses in sociology and anthropologj', to buii- 
plement other oourees given by local professoirg in the general field 
of the humanities. Advanced students have been given field training 
both in l^lato Grosso among Indian groups, and among the rural 
peoples in the State of Sao Paulo, some distance from the city. This 
represents a very considerable educational advance, since for tho first 
time advence<! Brazilian students in autliropoJogy and sociology, as 
a part of their regular courses, have been required to supplemcut 
theoretical cl assroom traioingwith actual field osperience. An umber 
of papers by Smithsonian personnel and local students Ixave been 
published In scientific flcrieg or journals oUier than Smitliaonian vol¬ 
umes. Two moaogniphs based on field work in IMT are being pre¬ 
pared for publication by Smithsooian personnel in Smithsonian series, 
and Brazilian students also are preparing field notes for publication 
in Portuguese, 

Smithsonian staff members have continued to guide the program of 
translating 200 articles and 13 books from Engliab into Portuguese, 
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mentioned in lust year’s report. This work, financed by outside f imda, 
is of greet iniportainje as an aid to teaching. 

"Cooperation with the Instituto EtiiolnSgico of the TJni* 
rersity of Caiica in Popay&n began December 1,1046. The Inatitute of 
Social Anthropology is represented by Dr. John H. Howe who is en¬ 
gaged in cooperating with local personnel in the organization of this 
new institution and in giving three courses in anthropology to stu¬ 
dents. A short survey of the habitat of the Guambiano Indiana hna 
indicBted that this isn satisfactory region for field work, which Iwgins 
on a cooperative basis during the Bumnicr of llMiT, with the participa¬ 
tion' of Colombian professors and students, 
iVa'affoo.^Gooperation with the Escuela Nacionnl de Antropologht, 
a dependency of the Ministiy of Education, began June 1, 1944. Dr. 
George hi. Foster, social anthropologist, was replaced by Dr. T'ubel 
Kell^ when the former was transferred to Washington. Dr. Stanley 
S. Newman, linguist, and Dr. fiobert C, West, cultural geographer, 
are the other two Institute of Social Anthropology repieseutativea in 

Mexico. . , . 

During the fiscal year 1947 these scientists have given five courses m 

social aiiUiropology, linguistics, and cultural geography. The scene 
of field research was shifted in January 194T from the Tarascan urea, 
described in last year’s report, to the Totonac Indian area east of 
Jlexico Citv. Two monograph-length papers dealing w’ith the Tams- 
cans have been Bubmitted by Smithsonian potsonnel for publication 
in the series of the Institute of Social Anthropology. A number of 
student papers have appeared in Mexicou sources, and longer mono¬ 
graphs in Spanish aro ready for publication. 

feru.—W’ork began in Peru in January 1944, when tlmt country had 
no institution devoted essentially to social scient^ teaching and re¬ 
search. Subsequently a national center of social science, the Inslituto 
de Kstudios Etnol6gicos, of the Ministry of Education, h&s been es¬ 
tablished. Institute of Social Anthroptilogy iiersomiel cooperate wiUi 
this Institute. During 1947 the Institute of Social Anthropology was 
represented in Peru by F. Webster McBryde, cultural geogrephCT, 
and Dr. Allan HoUnberg, social anthropologist, who arrived m July 

1946 to succeed Dr. Harty Tschopik, Jr. . , t • * 

A party of six students and one professor accompanied Insbtute ol 
Social Anthropology per^nnel to the Viru Valley in northern Tern 
for ethnographical and geographical field work during the months 
January to April 1947. Under the guidance of tlie Smithsonian scien¬ 
tists this material is now being preiiared for publication. Course 
also arc being given in the Insiitnto de Estudios Etnolo^co^ In ad¬ 
dition, tho cuUurnl geographer has aided in the reorganization of the 
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Gc*ograpbicAl Society of the UiuTersity of San Marcos in Lima, and 
in ostablishing the teaching curriculum of this department. 

Publicati&iu/^OtM monograph of the series Publications of the 
Institute of Social Anthropology' appeared in June 1947—^Publication 
No. 3, Moche, a Perurian Coastal Community, by John Qillln. PubU- 
cation No, 4, Cultural and Historical Geography of Southwest Guate¬ 
mala, by Felix Webster McBryde, Publication No. 5, Highland Com- 
Diuiiities of Central I’eru: A Regional Survey, by Harry Tsebopik, 
Jr., and Publication No. 6, £nip ire’s Cbildren: tlm People of Tziii- 
tzuntzan, by George M. Foster, were in proof. Publication No. 7, Cul¬ 
tural Geography of the Modern Tarascan Area, by Robert C. West, 
and Publication No. 8, Sierra Popoluca Speech, Mary L. Foster and 
George lif. Foster, were edited and sent to the printer. Mrs. Eloise 
B. Edcleo of the editorial staff of the Bureau of American Ethnology, 
did the editorial work on these publications. 

nivna basin sub vets 

Tlie River Basin Surveys were instituted in the fall of 1945 as a unit 
of the Bureau of American Etlinology, Hiey were organized to carry 
into effect a memoi-andutu of understanding between the National 
I*ark Service and the Soiithsoniun Institution. This meinoratidum 
provided for surveys to determine the extent and nature of archeolog¬ 
ical and paleontological remains occurring in areas to be flooded by 
the construction of dams by the Bureau of Reclamation and the Cor[>s 
of Engineers, United States Army, The memox'ajidum was signed 
on August 7,1045, by Newton B. Drury, Director of the National Park 
Service, and on September 8, 1945, by Alexander Wetmoie, Secretary 
of die Smithsonian Institution, and was approved by Harold L. Ickes, 
Secretary of the Interior, on October 9,1945. 

The Sret actual field work got under way in July 1946. A transfer 
of §20,000 at the end of May 1946, by the Bureau of Reclamation 
through the National Park Service, provided tlie necessary funds for 
starting survey parties in the Missouri Basin. An additional §-10,000 
subsequently was made available by the Bureau of Reclamation for 
work ill this area during fiscal 1947. In September 1940 g^27JOOO 
was transferred by the Corps of Engineers, through the National 
Park Service, for surveys outside of the Missouri Basin, and in March 
194< $4,500 was tiTinsferred by the Bureau of Reclamation for surveva 
in the Columbia-Snake Basin. The Alissouri Basin funds were for 
use in both Bureau of Reclamation and Corps of Engineers projects. 
The money provided by the Corps of Engiiieera was for Corps of 
En gineers projects only, u'hile the Columbia-Snake Basin money was 
for use only in Bureau of Reclamation projects. 
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The first survey parties were started in the Missouri Baaiu. These 
were followed by investigatioos in Georgia, Vir^ia-North Carolina, 
Texas, California, and the Columbia-Simke Basiu. Suiierviaim and 
direction of the surveys in Georgia, Virginia-North Caroling 
and California were carried on from the main office m « aslungwn. 
Diroction of the work in the Missouri Ba.^ was from a field office 
located at Lincoln, Ncbr^ and tlie Columbia-Snake Basin investigs- 
tions were based on a field office established at Bugeim, rig* 

The Bureau of Reclaiualion and the Corps of Engineers made me 
entire salvage program possible through the transfer of fun^ but 
in addition both agencies contributed in no small degree to the suc¬ 
cessful inception of the suneys thrau^ their cooperation m other 
wavs. Division and District Engineers and Bureau of Reclamation 
personnel did much to facilitate the work of the survey men m the 
field. In some areas transportation was provided, in others, nc^ 
sary labor was funiisbcd to aid in emergency excavations, imd el«- 
where tempomry office space and storage facilities were made avail¬ 
able nt project headquarters. The genuine interest and desire to assist 
on lb© part of all with whom tho members of ihe River Basin Sumys 
staff were associated in the various reservoir areas greatly aided the 
progress of .be investigations. The pktining of a 
olo^l survey on a scale hitherto not believed posible tecame feasible 
with iho traifer of funds. The cooperation of the ^ 

Service has been of marked benefit to the program and 
ifl due to its officials for the obtaining of the the necessary funds and 
for the pleasant ralalionship existing between all Liie agencies involved 

the fiscal year the main office of the 
River Ba«in Suivevs continued under the direction of Dr. Frank IL H. 
Roberts. Jr. Carl F- Miller, archeologist, joined the stafT on Novem¬ 
ber 6 194G. Mies Madeleine A. Baclmnd wns appointed clerk-stenog¬ 
rapher on March 3.194", and continued to serve throughout the year. 

Mr Miller was preparing to leave for the Pcari River project at 
Bo^^lusa, T^-, on November 13, 1040. when a request was reived 
from the district engineer to postpone this work mdefinitoly b^uM 
the project kid been stopped. Mr. Miller wi^ then aligned to tho 
study of proposed projects in Oic Middle .^.tlantic Division of the Corps 
of Enffineers, He devoted his time to searching the literature for 
fefSl about sites which might be involved by conrtruebon pro- 
gnuns in Pennsylvania, Virginia, North Carolina, und West \ ir^i . 
Slrtng this period he abo afsisted the director in obtaining mfoima- 
tion ©Lt proposed projects of the Bureau of Reclamation m varioim 
parts of the country outside the Missouri Basin. On Febniaiy 1 , 
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1947* he left Washington for Ricbjnond, Ta., to confer with the offi¬ 
cials at the Region 1 office of the National Park Service. From Kich- 
mood he proceeded to Norfolk* Va., on Febniary 13j to confer with the 
district engineer, Corps of Engineer^ about a survey of the Boggs 
Island project on the Roanoke River. He left Norfolk on February 
14 and went to South Hill, Va.* where he established headquarters. 
From that date nntil May 4 he surveyed all tlie Virginia and part of 
the North Carolina portion of the reservoir basin. He then returned 
to Washington and devoted the remainder of the fiscal year to pre¬ 
paring a preliminary report on the results of the atirvey and making 
tecomineudations and estimates for an escavation program in that 
area. 

5 ;win.“Th 0 fir^ steps in initiating investigations in the 
Missouri Busin were the establishment of field headquarters at Lincoln, 
Nebr., and the assembling of personnel to undertake the field sur¬ 
veys. Dr. Waldo Wedel, associate curator of archeology^ United 
States National Museum^ who had been detailed to the River Basin 
Surveys for that purpose* left Washington for Lincoln, Ncbr.^ on 
July Sj 1946* and U[K^n his urdml Uiere began insiructiiig the pei^on- 
nel recruited for the project and ussciubling equipment needed in the 
field. Through the courtesy of iho University of Nebraska, office space 
W'as provided at the University s Laboratory' of Anthropology. Latorj 
additiimul apace was made available for a laboratory. This arrango- 
ment continued throoghout the year* and on Juno 30,1947, both the 
field office and the project bborutory were housed in tlie basement of 
the Love Memorial Library on the univeKity cunipu& 

Actual reconnaissance started on August 3, 1946, and continued for 
a period of 7 weeks* at the end of which weather conditions made it 
necessary for the men to return to field headquarters During this 
time, 3 parties of 3 men each, limited because of inadequate transporta¬ 
tion, covered more than 13,000 miles and made preliminary investiga¬ 
tions at 28 top priority Bureau of Beclamntion projects and at 5 Corps 
of Engineers re&ciwoirs. Sinoe complete coverage of each raservoir 
basin was in no case possible, addUiunul surveys were recommended for 
most of the units visited. One field party returned to the Harlan 
County Reservoir, Nebr., for a period of fi weeks, October 16 to Novain- 
bor 23, 1946, and with the aid of local labor tested a number of sites 
i^nd removed material which was being damaged by erosion or being 
e3:cavated by imauthori^etl collectors^ 

Dr. Waldo B. Wedcl returned to Washington and to his regular 
duties at the National Mii^um on October 18, 1046* At this time 
Pitul L, Copper was designated as acting director for the Lincoln of¬ 
fice and continued to serve in that capacity until May 21, 1947, when 
Dn Wedcl* who hud again been detailed to the Surveys, returned to 
Lincoln and resumed his supervision of the Missouri Basin program. 
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During the fall and witiUr months at Lincoln the staff members 
prepared and completed preliminary appraisal reports covering £5 of 
the projects Tisited during the 1946 field season. By Juno JO most 
of these reports bad been distributed to tbs National Bark Ibervicef the 
Bureau of Keclamation, and the Corps of Engineers, or were ready to 
be mailed. A general paper entitled “Prebistory and the Missouri 
Valley Development Program; Summary Beport on the Missouri 
River Basin Archeological Survey in 1946, " written by Dr. WctJel, was 
published in April in the Smithsonian Miscellaneous Collections, 
volumo 107, No. 6. Throughout this period the field laboratory 
cleaned and cataloged more than 10,000 aKbeological specitUGiis 
gathered from 208 different sites, and in addition proces^d 426 pboto- 
grapbic negatives and prepared approximately 24J00 prints for use in 
the reports. Maps were drawn showing the locution of sites in each 
reservoir area, and the reports were mimeograpbed, ussombled, and 
made ready for distribution. 

Field work wos resumed in the latter part of April when thrw 
archeological parties consisting of four men each and one paleontologi¬ 
cal part^consisting of one man, started for various reservoir project. 
The paleontologist subsequently was joined by & student assistant In 
addition to further investigations in reservoir areas visited during 
the 1946 field season, other projects were added to the list, and by 
the end of the fiscal year a total of 44 Bureau of Kcclamation and 
6 Corps of Engineers projects had been surveyed. Tlicy are located 
in the States of Kansas, Nebraska, South Dakota, North Dakota, 
Wyoming, and Montana. All parties were in tlie field on June M 
and expected to continue throughout tlie summer. During this 
period Dr. Wedel directed operations in the Lincoln office and made 
several visits to the field parties at the locatioos where they were 
working. He also attended conferences between the regional officers 
of the National Park Service and Bureau of Beclumation and Corps of 


Enm 0 rep^^setitativea. 

The survey findings to date indicate tliat the Wyoming-Mont ana 
area contains few pottery-bearing sites. There, as in the western 
Dakotas, stone circles or -tipi-rings- are to be found m great num- 
bcnr. Numerous outcrops of artifacts in strala exposed by eti^am 
cuttings aio plentiful and occur at varying depths below the sarfa.^. 
Some of them give promise of containing material belonging to 
early occupations, possibly even those of the Pal^Tudian, and they 
may siipplv mncli needed data on that phase of Plains prehijo^. 
Thmughout northern Kansas and northwestern Nebraska p.thon^ 
villag^ attributed to semisedentary piHiplcs predomina e, Pottery- 
bearhig sites as well as “tipi-rings- occur on the nbntanes of ^ 
Missouri in North and South Dakota. Grouiis of mounds, village 
remains, and former camp sites suggesting a more sedentary type of 
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occupation than that ’west of the Missouri ijccur m th& Jamestoim- 
DeviJa Lakc-Shoyenno area. Along the main stream of the Missouri 
in the Dakotas are ^me of the largest and best preserved and most 
iiupre&aive fortified Indian village sites in the United States. They 
coutain mui:h of the story of the development of Arikara, Maiidan^ 
and other upper Missouri cultures. 

In many of the sites there ie evidence of stratification and a se¬ 
quence of cultures or a series of stages in cultural development. 
0tilers contain the record of prehistoric floodSi of siltuig and soil 
erosionj. of recuri-ent droughtSj and fluctuation in climate. Tlie ex¬ 
cavation and the interpretation of tlie duta contained m such sites 
TV ill contribute greatly, not only to tlie story of the growth and 
development of the Plains IndianSj but to our understanding of 
conditions similar to those met and overcome by the aboriginal peoples. 
For this reason the eicayation and testing of several sites in three 
Bureau of Keclamatlon reaervoirs Tvas recommended for the fiscal 
year 1948, and for two Important aitra at one Corps of Engineers 
project. 

J* Joseph Baiixar, archeologist, joined the Missouri Basin stall 
on July 15,1946. From that date until August 3 he devoted his time 
to obtaining information on archeological remains in the Dakotas, 
from reports on previous ezcavatioiis and surveys in that area, and 
in making propurations for work in the field. From August 3 until 
September 23, in company witii Paul L. Cooper^ ho engaged in a 
preliminaiy' reconnaissance of reservoir projects in Ifebraska, South 
Dakota, North Dakota, and Montana* In these reservoir basins a 
total uf 68 Bites were examined, site locations and descriptions being 
recorded and surface collections made. During the laboratory period, 
from September 32 until April 24, 1947, Rtr. Biiusnr prepnr^ pre¬ 
liminary reports for seven of tlie reservoirs, Angostura, Box Butte, 
Bronco, Crosby, Deslacs, Fort Bandall, and Jams^own, and pre- 
jiarcd a teduiical report entitled ‘^Notes on the Archeology of the 
Upper James and Sheyenne Biver Valleys and the Devils Lake 
Area," From April 24 until Muy T he joined Wesley L Bliss in 
preliminary surreys of tlirce reservoirs in Kansas, one in Coloradoj 
and live in Nebraska. During this period 25 sites, none of which had 
been i^ecorded previously, were visited. From May 7 to June 2 the 
time was spent in colla^rating with Wesley L. Bliss and Theodore 
E. IVliite on a rei>ort entitled ‘^Preliminary Appraianl of Archeologi¬ 
cal and Paleontological Eesoiirces of the Proposed Reservoirs in die 
Republican River Basin**^ On June 2 Mr* Bausar left Lincoln, as 
a member of the field party under the direction of Paul L, Cooper, to 
make a reconnai^nce of the Fort Randall Reservoir in South Da¬ 
kota. This work was stiU in progress at the iind of the fi^^al year. 
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Wesley L. Bibs -was appointed to tlie Missouri Basin staff as SJi 
archeologist on July 17, 1946. From July IT to August 4 he was 
occupied in making preparations for field reconnaissance in Wyoming 
and Montana. He left Lincoln on August 4 and retncned on Septem¬ 
ber £2. In tliis period his party mode preliminary surveys in si* 
reseiwoir ureas in Wyoming, one which lies both in Wyoming and 
Montana, and three in Montana. A total of 74 archeological and pale¬ 
ontological sites were found and recorded, and surface collections were 
made from each. The full and winter months, September 22, 1946, 
until April 24,1047, were spent at the Lincoln headquartera doing lab¬ 
oratory* and library rescatcli and in writing prelti^ary reports. 
Reports were prepared for tlie Bojscn, T.'iber, and Medicine X»ake Rea- 
ervoira, In addition, Mr. Bliss prepuiud a draft of u paper entitled 
“A Preiitiimary Appraisal of the Historic and rrchistoric Occupa¬ 
tion of the Western Plains.” Some revision and the diecking of some 
material were needed to complete the paper. In the early spring of 
1047 Bliss made several unolhdal wccli-end visits with other memhers 
of the staff to archeological rites along the Missouri, north of Kansas 
City, and on the Big Blue River in Nebraska. These were for the 
purpose of obtaining a wider knowledge of archeological^ manlfe^a- 
tions in the area. In one case the trip was instrumental in stopping 
the destruction of a group of mounds in the path of a real-estuta sub¬ 
divirion. From April 24 to May 7,104T, Mr. Bliss, in associatiou with 
J Joseph Bauiar, as previously noted, made a reconnaiEsanoa of nine 
proposed reservoirs in Itansas, Colorado, and Montana. He assisted 
in the preparation of the report on the Smokey Hill Sub-busin. On 
June 10 air. Bliss left Lincoln in charge of a field party and proewded 
to the Gleodo Reservoir in Wyoming where the remainder of the 
month was devoted to on intensive survey. At tlie end of the fiscal 
year, 30 sites had been located in addition to the oues noted during 
the preliminary reconnaissance in the summer of li>46. 

Paul L Cooper, archeologist, became a member of the MiESOun 
Burin staff on July IS, 1946. Between that time and August 3 he os- 
risted in the prepurations for work in tlm field and made two tnps to 
Omaha with Dr. Wedel for the purpose of consultation with members 
of the National Park Service and the Corps of Engineers. On August 
3 iie left Lincoln with J. Joseph Bausar to make preliminary surveys 
at reservoir sites in Nebraska, South Ikikota, North Dakota, and Mon¬ 
tana Vs previously noted, fSB archeological and paleontological sites 
wore located during the courec of this survey. Mr. Cooper returned 
to the Lincoln headquartera on September 22, and from October i, 
1046, to iiay 21,1947, was in charge of the operation of the office and 
laboratory. During this period he planned and supervised the work 
of the project personnel, compiled monthly progress reports for the 
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Nationnl Park Service and tlie Bureau of Keclamatioti, OfiSisted in the 
setting u [5 of record aystetus in the laboratory and in cstnbUsMng 
methods for iisuing tlie reports based on th© field tirork and laboratoiy 
studio. Owing to a shortage of personnel, it was necessary for Mr. 
Cooper to devoU much of his time to direct superviaion and to many 
of the actual operations involved in mimeographing and distributing 
tlio preliminary appraisals of the archeological and paleontological 
resources of the various reservoirs. In May Mr. Cooper represented 
the River Basin Surveys at a symposium on the River Valley program 
conducted by the Nebraska Academy of Sdcucca. During the period 
ilny 21 to June 2, 1947, Mr. Cooper prepared reports on Heart Butte, 
Dickenson, Deerfield, Shadchill, Blue Horse, Sheii'enne, and Garrison 
Reservoirs, and on the Devils Lake area. Mr. Cooper left Lincoln on 
June 1947, in charge of a field party which was to undertake a pre¬ 
liminary recormaissanee of the Fort Randall Reservoir on the Missouri 
River in South Dakota. Tliis reconnaissance was still in progress on 
June 30, at which time GO archeological sites had been located and 
recorded. 

Robert B. Gumming, Jr., arciieologist, was added to the staff as 
laboratory supervisor at tlie Lincoln headquarters on October 1, 1940. 
Since the lab^^ratory wag then being moved to new quarters In the 
basement of the I/ive Memorial Lihraiy building, Mr, Cumroing began 
work by assisting in the formulation of the laboratory plim and plac¬ 
ing the equipment in order so that routine work could proceed. Dur¬ 
ing the fall and winter months he assisted in planning and initiating 
basic laboratory methods. A triplicate filing system was devised in 
which information covering approjitoately ITS sites was filed in a aite 
file, u reservoir Ole, and a reserve file. A photographic file ^stem 
was organized wherein prints were mounted on 5- by 8-inch cai'ds bear¬ 
ing descriptive information and were filed in accordance with a stand¬ 
ard trinomial sysmm consisting of symboLs for the State, county, and 
site. Tlie negatives were filed in a separate cabinet using the same 
system for identification. Mr. Gumming also formulated the system 
for cleaning, cataloging, and storing the specimens and assisted in 
initiating an inventory procedure for equipment and supplies which 
he niaintaincd througliout the year. In addition,he assisted in super¬ 
vising the mamienance of equipment. He also assisted in the work 
and superviaion of the preparation of ilhistritiions. drafting of site 
maps, tii'ping, mimeograpliing, proofreading, and assembling of the 
preliminary reports. During such times as the field directors were 
absent from tlie headquarters office, he iiandled the business routine 
in the otfice. At the close of the fiscal year Mr. Gumming was engaged 
in processing the records oent in from tJio field for 50 sites located after 
resumption of the survey work. Beciviise the laboratory was under- 
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Staffed during much of the year, it was necessary for 3Ir. Ciimming 
to perform tasks which should have heeu done by laboratory workers. 
This condition was relifived somewhat during the last few weeks of 
the fiscal year when several parl-time workera were added to the staff. 
This enabled Mr. Cumming to devote more time to the teclmical 

aspects of the laboratory problem. _ _ 

Jack T. Hughes, archeologist, was appointed to tiie htis^un Basin 
staff on July 15,11)40. From then until August 4 he assisted m the 
preparations for field work ond received instructions as to the maimer 
in which the surreys were to be conductod. On August 4 ho left 
Lincoln with Wesley L. Bliss for a preliminary rew^aissance of 
Bureau of lleclamation reservoir sites m Wyoming and Montana. He 
returned to Lincoln on September 22 after having agisted m the ex¬ 
amination of the 10 reservoirs previously mentioned in the discussion 
of the work of Mr. Bliss. During the period from Septmbor -2, 
1&46, to May 3, 1047, Mr. Hughes engaged in library research,Jiitora- 
torv analysis of specimenE, and the preparation of reports. 
nanr appraisals were written for the Glendo, Kories, Boysen, Anchor, 
Lake iSolitude, and Oi»gon Basin Beservoirs in Wyoming, the 1 ellow- 
tail Reservoir in Wyoming and Montana, and the Cimyon Fci^ 
ervoir in Montana. Technical reports were al^ wntten for Glendo 
Kortes, Boysen, Anchor, Oregon Basin, and lellowtaiL l^om ilay 
a to May 12 iMTj Hr. Hughes participated T^ith Mai-vm t. Kivett, 
in a brief recoiinaissauce of seven proposed icsei-voir sit® in the Di wer 
Platte Basin of Nebraska. After hia return to Lincoln, he aeai^ed 
in the prepai-alion of the preliminary appi-aisal of the arcb^lo^eal 
resources of this gixmp of reservoirs in t^a I^wer Platte Basin of 
Nebraska. On June 10 he left Lincoln with the field party under \\ 
ley L. Bliss and spent the remainder of the month at the Ulendo 

Reservoir in eastern Wyoming. - , 

ifarvin F. Kivett joined the Surveys staff on July 15,1046, as arch^ 
Oloirist. On August 3 ho left Lincoln to make a reconnai^nto of eight 
reservoir areas in Kansas, Nebresl^ and Colorado. 
tinned until September £0,1046, when ho returned toLmcolu. In the 
coutS of r weeL spent in the field, a total of 75 archeological <^^^2 
i-ecotded in the 8 reservoir areas; 60 of these bit® acre unre^rt 
prior to the recoimaisance. Ou October 16 Mr. Kivett to 
Harlan County Reservoir, Ncbr.. where ha carri^ on an 
survey until November 23. This included ™ 

osBuari' and limited test esiavatious in four occupational areRs. 1 ms 

wrk pr»du^ “T"’? 1 iJvT IMtTmt. 




.rie.d,u»rt.« b, lincota writtag 

preisals of the resource of tlie eight reservoire visited during the 

40—-fl 
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stunmcr field Beason and in antilyi&mg the data and specimens collected 
and in preparing teclmical reports. The preliminary reports com¬ 
pleted and mi meogra plied for distribution were on the Kirwie, Cedar 
Bluff, and Ejmopolis Besoiroirs in Kansas; the Enders, Harlan 
County, end Mfidlcine Creek Keserroirs in Kebreska; end the Cherry 
Creek and Wray Keservoiis in Colorado. Mr. Ki^ett left Lincoln on 
May 3,1347, in company with Jack T. Hughes. From then until May 
19 they made a preliminary reconnaissance of sia resermrs in the 
Lower Platte River Sub-basin. A total of 19 previously unreported 
archeological sites wew located during this period. After his return 
to Lincoln, Mr. Kivett prepared preliminary reports on the Lower 
Platte River Basin including all the informatiod obtained from the 
six reservoirs visited. The period from June 1 to June 9 was spent in 
preparing for a preliminary reconnaisaanoe of the Garrison Reservoir 
in North Dakota. Mr. Kivett and his party left Lincoln for North 
Dakota on June 9, and at the end of the year they were engaged in a 
survey of the Garrison Reservoir. 

ITieodone E. Wliite, paleontologist, was oppoioted to the general 
River Basin Surveys staff on April 15, 1947. From that date until 
April 20 he devoted bis time to studying collections of fossil material 
fi-om tlie Missouri Basin in the United States National Museum. On 
April 27 he left Washington for Lincoln, Nebr., and on April 29 joined 
the Missouri Basin staff. He left Lincoln ou May 2 and spent 6 days 
in a reconnaissance of proposed reservoir areas in the Lower Platte 
Sub-basin in north central Nebraska. During this time he viaited 
seven reservoir baaimt finding fossil remains in only one. These were 
reworked msteriiil of little scientific value. Dr. White returned to 
the Lincoln headquarters on May 9 and left on May 13 to make a recon¬ 
naissance of tlie Republican and Sraokey Hill Sub-hssins in south¬ 
western Nebraska, Kansas, and Colorado, This work continued until 
June e, during which time he visited nine reservoirs in Nebraska, eight 
in Kji lisas, and two in Colorado. Seven of these sites were recom¬ 
mended for a more detailed survey on the basis of material found 
and the extent of tlie esposures. From Juno fi to June 13 Dr. AVhite 
worked at tiie Lincoln headquarters preparing I'ejiorts and recora* 
mendations for the various reservoirs which he had examined. On 
June 13 he left Lincoln to esamine proposed I'eservoir areas in the 
North Platte Sub-basb in Wyoming, Uie Cheyenne River Sub-basin 
in Wyoming and South Dakota, and smaller sub-basins in North nnd 
South Dakoia. This reconnaissance lasted until June 28, and during 
the period three reservoirs were visited in Wyoming, six in South 
Dakota and four in North Dakota. Tliree of the reservoirs were rec¬ 
ommended for more detailed investigation. White returned to Lin¬ 
coln on June 28 and at the end of the fiscal year was preparing to 
start for furtlier survey work in Wyoming and Montana. 
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Several students were employed as meintere of Ae ft _ ^ 

parties for the Surveys beginning in June iMi. Eotert _ 

Warren L. Wittry left Lincoln on June Sjvuth the C<)o^rj^^y 
the Fort Kandull Eeservoir in South DahoU, and at _ 

a«ai year vrere occupied in the survey of that area. John L. ^ 
Gordon F. McKenzie, and Leo L. Stewart left q 

membem of the Kivett party to make a 
Roserroir area in North Dakota. Mr. Esses had prevmn^ly 
jT. Kivett in the work at the Harlan County “ 

Novcniher 1W0 H. G. Pierce pined the Bliss party and left Inn 

He «.s Sim with the p»ny e* tl" ‘”J 

5 L.I. 0 . MS ee.l.loysd o. Jeee 27 te essirt the peleento!ep.t, Dr. 

Tlieodore E. ^ite. Allatoona Beservoir area on the 

fftforyiff.—Intensive si^ y ^ durin«^ tho period Novem- 

Etowah River ?^jlrvev was made by Joseph R. 

her 12, ma, to April 1, IM*. 

Caldwell of Surveys for that purpose. 

Eeum, who was detailed to tne K _ renreaentine a n-cord of thou- 

:Ue. t’l- 

U, the K..io««l P»A Mothers. Are- 

mends the excavation of 10 sites been made by the National 

quest for further fun^ for „t the end of the fiscal 

Park Service to requ^ Tlic specimens col- 

year no response hml been ^iv^ ^ ^ 

looted from the sites examined during the cou^ oi mis 
transferred to the National Mi^um on 

Buggs Island ,, j ig^ 7 _ This work was under the supet- 

p.riodofF^rua.7 m H ^ 

vision 0 * Carl F. M ller ol ^eto located, 2 of 

course of the . JJj^y appear to represent an eastern 

which “iture wHdh flourished in the western 

phase of the si^.. 1 ed Folsom ^ 

plainsduringtheclc^ingda^cf^ 

Colonial and ^me of the late seven- 
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9 others has been recommended. A. prelimiimry report on the Buggs 
Island Reservoir was completed bnt had not been processed for dis- 
tribution at the end of the fiscal jear. 

reasos.^RiTer Basin Surveys were started in Tc3ta8 in March 1&47 
when, through the kindness and cooperation of the authorities, a Beld 
base and headquarters were established at the Department of Anthro^ 
pology of the Univereity of Tejtos at Austin. A survey of the Addicks 
Reservoir on South Mayde Creeks a tributary of BufTalo Bayou, 
near Houston, got under way March 27 and was still in progress at the 
close of the fiscal year. The Addicks project is not a reservoir in the 
true sense of the word, but a fioofh prevent ion dam which will not 
retain water in its basin for more than 2 or 3 weeks at a time. As 
a consequence;, most of the sites located in the biusin will be available 
for study or excavation during most of the year. A seri^ of nine 
sites were found, however, which were being destroyed by stream ac¬ 
tion, by construction work on the dam, or by indiscriminate and unau¬ 
thorized digging. As a consequence, it wag iiecessiiry to shift from a 
reconnaissance type of survey to nn intensive testing procedure to 
salvage as much information as possible. Sis of them were esaminfid 
by digging a number of test pits in various portions of the areas which 
they covered, and subsequently two of the six were eitensively excava¬ 
ted. The cooperation of the district engineer, Col. D, W. Grifiitha, in 
supplying a crew of 10 men and a foreman for a period of several 
weeks made these escavations possible. One of the excavated sites 
consisted of a stratified midden containing a sequence of several cul¬ 
tural horizons. Work on the Site was started on May 29 and completed 
on June 13. The second was shirted on June 16 and was still being 
dng at the end of the fiscal year. Tho information' and material from 
these two sites w-ill provide a fairly complete sequence showing the 
development of aboriginal culture in this urea over ii comparutively 
long period of time. During this period, the Indians progressed from 
a simple hunting group to a sedentary agricultural and pottery¬ 
making people. The data obtained are a significant contribution to the 
hitherto Httle-known pre-Columbian history of this part of Texas, 

The Herds Creek Reservoir on Hortb Creek, near Coleman, was sur¬ 
veyed during the period May 6 to May 17, 1947. Only eight sites 
were found in the reservoir basin. Six of them were burned rock 
middens and two were open camp sites. Kone gave indication of 
being of sufficient importance to warrant further investigation. Com¬ 
parable material is available elsewhere in locations w'hich will not be 
inundated. Unless construction work should reveal subsurface de¬ 
posits of archeological material, no additional work will bo required 
in this reservoir. 

The Whitney Dam area on the Brazos River north of Waco was 
started on May £0 and wos stiil in progress at tho end of the fiscal 
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year. By June SO & little over half of the basin had been covered. 
Numerous sites had been located and reeordedi and a number had 
been trenched for additional information, focreral small rock shel¬ 
ters were excavated to salva^ material whidi was being disturbed by 
unauthorized coHectore. Two laborers for digging teat trenches and 
for excavating in the shelters were supplied by the resident engineer. 
The Bi-uzos flows through an important archcologi<»l and paleon¬ 
tological area in Texas and much information is contained in the sites 
which will be flooded by the Whitney Dam. On the basis of data 
already obtained by the survey, a number of key sites will be recom¬ 
mended for excavation. 

Joe Ben Wlieat, archeologist, was appointed to the Surveys in Texas 
on March 20, l9iT, He left Austin on March 26 for Galveston where 
he conferred with the district enginocr and obtained information 
about the priority of various Coriw of Engineer projects in Texas, 
From Galveston he proceeded to the Barker Bcffirvolr near Houston. 
He found that the project was so near completion that there was no 
possibility of salvaging archeological information from that area. 
Construction on the Barker Dam had completely destroyed one large 
mound and obliterated any evidence of occupation areas. As a con¬ 
sequence he proceeded to the nearby Addicka Dam and began a sur¬ 
vey of that area. After learning that much of the^ reservoir beam 
would bo under water only at rare intervals, Mr. Wheat turned his 
attention to six sites in the immediate vicinity of the dam which 
would be destroyed cither as a result of construction or by erosion 
from stream action. All these were tested, and from tlio information 
thus obtained he concluded that two of them should be excavated oa 
they contained a sequence of materials showing a number of cultural 
changes. In this connection he went to Galveston on ifay £0 and con¬ 
ferred with Colonel Griffiths, the district engineer. As a result of 
this conference, ilr. Wheat was furnished an excavation crew, trans¬ 
portation, and tho equipment necessary for conducting the exava- 
tiona He returned to Addicks on May 22, and was able to begin 
actual excavations on May 20. Digging wag still in progress on 

Robert L. Stephenaon, archeologist, joined the Survey m Texas on 
April 28 From that date until May 6 he worked at Austin, conferring 
with members of the Museum staff at the University, studying coUcc- 
tiona of archeological material, and mnlcmg praporationa for field 
reconnaissance, He left Austin on May 6 for the Herds Crwk Reser¬ 
voir, From IMay T through May IT he examined the Hor^ Cr«k 
Reservoir Basin, locating and recording eight archwlogical 
May 18 he left Coleman for Waco where he conferred with Frank 
H, Watt, of the Central Texas Archeological Association, obtaining 
information about archeological sites along the Brazos River, and 
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particularly in the area to be flooded bj the Whitney Dam. On May 
19 he went to Whitney and conferred with the Bestdent Engineer. 
On May 20 he began the actual survey of the Whitney Dam area and 
continued with that worh to the end of the flscal year, During the 
course of his investigations be interviewed numerous local residents, 
obtaining all the iniormation possible pertaining to the occurrence of 
archeological sites, and studied collections of artifacts which had been 
gathered from sites in the area, In addition he made note of various 
historic remains and obtained such data as were available about them. 
This information was forwarded to the regional oCloe of the fiational 
Park Service at Santa Fe, N. Mes., for the benefit of the Park Service 
historians 

CoUfomia ^ — Archeological surveys were started in California in 
May 1947, Through the cooperation of the Department of Anthro¬ 
pology of the University of California, at Berkeley, headquarters for 
the Surveys were made available. Dpring the period from Match 21 
through June 28, 1947, sii Corps of Engineers proposed reservoir 
basins were surveyed. They we re Pine Plat on King's Biver, Terminus 
on Kaweah Eiver, Succesa on Tule Hirer, Isabella on Kem River, 
Folsfim on American Biver, and Coyote Valley on the ea-st fork of 
the Russian River. A total of 59 sites were located, and of this number 
8 JiBve been tecommended for excavation or partial excavation. 

Some immediate oontributions to the archeological knowledge of 
CoJifomm were derived from the surveys. Two aWriginal soapstone 
quarries and throe pictogroph sites, none of which had been described 
previously in archeological literature, were located. Surface collec¬ 
tions of sherds of the unique and little-knon-n Tokuts-Mona pottery 
will permit o more extensive description of the type from archeological 
purees than has previonsly been possible. 

Franklin Femenga, areheologist, was appointed to the California 
surveys on March 21. He made all the Burveys in the six reservoirs 
listed above, prepat^d the preliminary reports on their archeological 
resources, and made recommendations for further work. On June 
28 Mr. Fenenga left Berkeley, Calif., for Eugene, Oreg., and at the 
end of the fiacal year was stjirting a survey of the Detroit Reservoir 
in the Willamette Valley, 

During the cMurse of the surveys in California Mr. Feiicnga em¬ 
ployed several student assistants. Stephen C, Capponnari served in 
tliat capacity from May 8 to 11 inclusive; Francis A. Riddell. May 
2i>--Jline 1. and June 12-15; Harry S. Riddell. Jr., April 17-20; and 
Clarence E. Smith, April 1-6, ifay 1-4 and 19-25. 

Coluttihia-Snake liasin , —The program for surveys in the Columbla- 
Snako Basin was just getting under way at the clow of the fiscal year. 
Dr. Philip Drucker, anthropologist on the regular staff of tlie Bureau 


REPORT Of TSE fiECHETAEY 


77 


of AKiericaa Etlmologj, was detailiKt to tiie River Basin Surveys for 
the purpose of directLog the work in this area. On June 30 he had 
established field headquarters at Eugene, where U»e Department of 
Anthropology of the University of Oregon provided office and labora¬ 
tory apace. Two field parties left Eugene on the morning of June 30, 
one to make a leconnaissaJiice of the Detroit Reservoir, a Corps of 
Engineers project on the North Santiam River, in the Willamette 
Talley, Oreg., and the other to make investigations at the Cascade 
Reservoir ou the North Fork Payette River in Idaho. Rians for the 
summer called for the survey of 4 Corps of Engineers and 12 Bu reau 
of Reclamation projects. 

Dr. Drucker left Wsshington on June 17, IWT) for San hranci^o, 
Calif. He spent the day of June IS at Lincoln, Nebr., studying the 
operational procedure being used in the Missouri Basin surveys and 
the laboratory arrangijmenta for processing and cataloging specimens 
received from the field. He arrived in bun h rancisco on the 19lh and 
spent the following 2 days in conference with the regional officers of 
Region 4 of the National Park Service and members of the Department 
of Anthropology at the University of California in Berkeley. On 
June 22 he left San Fraucisco for Portland, Oreg., arriving on the 
23d. At Portland he spent 2 dap discussing plana for the surveys 
with Regional Archeologist J^uia R- Caywood of the National Perk 
Service, regional officials of the Bureau of Rcclamutioit, and repr^ 
seutatives of the district engineer of the Corps of Engineers, At this 
time he also made arrangements for the field lieadqutirters at Eugene, 
He ratiirned to Smi Francisco on June 24 ond reported the ressults 
of his trip to Pordand to the regional office of the National Park 
Service. He also recruited personnel for the field parties and made 
arrangements for the shipment of equipment from Berkeley to Eu¬ 
gene, He left Berkeley on June 28, arriving at Eugene, Oreg., on the 
29tli. He left Eugeno on June 3& with the field party proceeding to 

the Cascade Reservoir, . * « , ,. 

Clarence B Smith, archeologist, was appointed to the Columbia- 
Snake Basin surveys on June 25. He spent the following 2 dap 
assisting Dr. Drucker and Fratiklju Fenenga in making preparations 
for the summer’s field work. On June 28 he left Berkeley in company 
Tvith Fenenga for Eugene, Oreg. They nrriv^ at Eu^ne on the 
23th and on the morning of the 30tb left for the Detroit Eeservoi^r. 

Eldmrd D. I>fiugiierty, archeologist, tteis appointed to tm 
Columbia-Snake Basin staff on June 80, and left the same day for the 
Cascade Reservoir in Idaho. 

Francis A. Riddell joined tlm Surveys staff on Jime 26, as field 
a.ssistant. He left Berkeley, Calif., on June 28 and arrived at Eogme, 
Oreg., on June 09. On June 30 he left Eugene in coinpany with Ur. 
Daugherty and Mr. Drucker for the Cascade Reservoir, 
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€ooj>ercting infitituHo ^,—The Hiver Basin Sorreys have been for- 
tuuute in receiving wholehearted cooperation from local institutions 
in many portions of the countiy. Kot only has space for held olHoes 
and laboratories been provided together with the assistance and advice 
of members of the various staffs, ns at the University of Nebraska, the 
University of Texas, the University of CalifomtH, and the University 
of Oregon, but in a number of cases units in the survey program have 
been taken over and arc being worked by univei^ties and local organ¬ 
izations. Tills active cooperation has relieved the River Basin 8ur- 
veys of a considerable burden and has made for more rapid progress 
throughout the country as a whole. 

In Pennsylvania the Feiuisylvania Historical and Museum Com¬ 
mission helped with the program. The University of Kentucky as¬ 
sumed responsibility for investigations ut the Wolf Creek and Dewey 
Reservoir projects in that State. The Alabama Museum of Natural 
History conducted surveys along the lower Chattahoochee River Basin 
in Alabama in areas which will be inundated. The Ohio State Mu¬ 
seum at Columbus investigated Corjjs of Engineers projects in that 
State. Tile University of Missouri, in cooperation witli the Misaouri 
R^nrees Museum and the Missouri Archeological Society, started 
surveys and excavations in that portion of the Bull Shoals Reservoir, 
on the White River, which liea in Misouri and at several Corps of 
Engineem projects on the Osage River. The Department of An¬ 
thropology of the University of Chicago and the Illinois State JSlu- 
seum at Springfield agreed to cooperate in a survey of the Illinois 
River Basin where 17 Corps of Engineers projects are proposed. The 
University of Oklahoma examined and reported on two reservoirs, 
one of which, the Wister, will inundate extensive and important 
archeological material. Tlie Univetsity of Nebraska cooperated both 
in the search for and the excavation of paleontological material and 
in archeological reconnaissance. The Nebraska State Historical So¬ 
ciety assisted in the survey work and also did some digging in sites 
which will be destroyed by consti-uction work. The South Dakota 
Historical Society did some survey work and also some excavation. 
The University of North Dakota and the North Dakota Historical 
Society cooperated in making a survey at the Heart Butte Reservoir 
and in testing a number of sites in that area. The UnivetBity of Colo¬ 
rado assumed respionaibility for a survey of eight reservoir basins in 
the Colorado-Big Thompson project and for more intensive investi¬ 
gation at the Wray Reservoir in eastern Colorado. The University 
of Denver planned surveys of a number of reservoirs in the Bke 
River-South Platte project and of two in the Arkansas River Basin 
south of Pueblo. Western State College took over the examination 
of a group of reservoirs along the Gunnison River in western Colorado. 
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Tbe Archeological Surrey Association of Soiithem California, spon¬ 
sored by a number of ujuseums in that area, started the investigation 
of a number of Corps of Engineers projects in southern California. 
The University of Washington surveyed a number of propoMd rescr- 
Toir basins in that State and made all the information available to 
the Columbia-Snake Biisin gronp at Eugene. It also did some eica- 
TBtion work. 

The Keports of Pi'ogress prepared by the cooperating organ iaations 
are sent to the Biver Basin Surveys for coordination and are then for. 
warded to the National Park Service- All the information obtained 
thus becomes a part of tive record of the Biver Badn Surveys in 
generaL 

norroRiAL wobk asn fcbi-icationb 

The editorial work of the Burvan continued during the year under 
the inimediate direction of the editor, M. Helen Palmer. There were 
issued one Annual Eeport and one Publication of the Institute of 
Social Anthropology, as listed below. 

Sixty'UUrd Anneal Eeport of Mie Burma of Atnerican Gtlwoloej, 1043-4® 

12 pp. 

Inatltete of Sncln) iatlircTwlogj PuliL No. 3. Moclie. ■ PWovliui COfiotal Conx- 
mnnlty, by Jolin OlULn. IWl pp.. 20 pIs-, 0 figs.. 1 map. 

The following publications were in press at tlie close of the fiscal 
year: 

BnUetlo 14 a, HandtHirtfc &f Strati ActErlCioi lodlnnB. JuJian Steward, 
editor. VolmnB 3 : Tlie Tropical Forest Tribcfi. VvWlmt i l THeCircua CarJbbcati 
IVIIws. The Cocapariitive Ihhriolf>gj of the &i>dUi Aniorlcfth Indimw, 

InMTtutc of Social Anthronolfigy PohL Np. 4. Cultural and Hlatortcjll Gwjp-a- 
uLy of Scotbwwt GunxoiueilH, by Feiii Wulwter ^tcBryde. 

Itistltut^ of Social Aa tbropology Puhl. No. HiRhlftiid Cpiuhhj rHIcs of Cenlnil 

Pom: A Roi^loiml Surrey, by Harry TachopIlE, 4r. , - 

lufitltiiEe of SodiiJ Autbropology PubL No. 6* Enipire^ti Children: the Peopio of 

I'statxuDtznn, by George M. Pogter. 

Institute of Sodal Anlhropoloitr ^bl Ko- 7. CiUtuml Oeocraphy of the Mod¬ 
em Torescau Aim, hr Robert C. West. _ . 

Inirtlrate of Sr«lAl AuthropoLw FuH No. A Slerm Popoluca $pcft:b, hr Mary 
I. Feeler end George M- Foster. 

Publications distributed totaled as compared with 12,730 for 
th© fiscal year 1O45“40- 

LIBHAUI 

The Library of the Bureau has wutinued in charge of the librarian. 
Miss Miriam B. Ketchum, assisted by M. L. Fiestcr, who was appointed 

^^The total accessions in the library as of June 30, IMT, wew 
There were 14S new occessjoiis during the fiscal year, by purt base, gift, 
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and exchange. Many of tlie foreign Gschangeg wliich lapsed during 
the war hare again resumed, and good progress has been made in filling 
the gaps, brought about by the war, in periodical seta. 

Cards on hand for domestic periodicals hare been typed, and the 
shelf list for this classification is now complete. A beginniiig has been 
made on typing the cards lor serial publications of domestic aocieties 
and institutions, and this will soon be finished. 

The labeling of sets of publications of domestic societies and institn- 
dons and all the domestic periodicals has been completed, and the 
labeling of the foreign serial publications has begun. 

ILLUBTBATIOXS 

From late fall of 1046 up to June 30,1947, B. G. Cnssedy, illustrator, 
spent most of the time, with the exception of time taken out to prepare 
weather graphs, work for the Editorial Divieioii, and miscellaneous 
maps and plates, on the restoration of tlie old Indian negatives of the 
Bureau of American Ethnology. TVith the help of Mr. Brostrup this 
work has been progrosaing very satisfactorily and many negatires 
which were important historicnlly and which were about to be lost 
iiave been presen'ed for coming generations. 

Ancriima 

Miss Mae W. Tucker continued the work of operating and cataloging 
the manuscript and photographic archives of the Buienu. In addi¬ 
tion to famishing material for routine requests, some special requests 
for photographic prints requiring urgent attention have been filled. 
Visitors desiring to consult material in the archives have been given the 
required assistance. 

The greater part of the time has been given to work on the manu¬ 
script catalog which Is being prepared for publication, to include all 
the iinpqblisihed manuscript material in the Bureau archives. The 
data for this catalog has been typed on individual cards for each item 
and is ready for final assembling. 

A new file-print collection consisting of prims made from the re- 
photographed and retouched negativea in the Bureau collection has 
been started and will continue as the new prints are madei. On Hr. 
Oassedy s rocomTuendation, an extra set of prints is being made along 
with the file prints, this set to be preserved for possible emergency use. 

Some time is neces^artly required for research work in connection 
with both the mnnuscript material and the photographs. 

EFEtUAI. PJfOrOOBAPHIC REETOEATtON' PJWJBCT 

The Bureau of American Ethnology ever since its inception in 1879 
has maintained a collection of photographic negatives of North Amen- 
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can Indiana. The file liod its origin viih the famoua '‘Jackson^’ col¬ 
lection of over 1,000 [Kigutives which was brought to the Bureau by 
Major Powell from tJie directoralup of the United States Geoiogi^l 
Survey, This unique and valuable group has been supplemented by 
about 11,000 additional negatives obtained fi^oin various sources in¬ 
cluding tho field tripe of tlie first -10 years, the exposures made in 
Washington of the visiting Indian delegations, gifts, and purchase. 
Nowhere else in this country is tlicra a more complete photographic 
record of the Indians who figured prominently in peace and war 
during the iiiiportant opening of the West in the nineteenth century. 
In several instances the only known photographs of important chac- 

acters of this period are in this collection, _ 

The great bulk of this collection was made before lOOO in the early 
days of photography, and often umler extremely adver^ field condi- 
tionsof beatandbulky weight. These factors have ooutnbnted toward 
a deterioration of the ncgiitivo image. '1 his deterioration fortunately 
has started around the edges of the negative and is proving toward 
the center, still leaving the figure and facial chaiactensUra qui^ legi¬ 
ble. However, if allowed to go on unchecked this collection will have 

diainteOTflted xmto uselessness^ 

During this fiscal year it was deteminod to maagurate a 
prognini of restoration and preservation of this unique collertiom T 
LtinuonsdemEud for reprints from these negatives, es^cmlly those 

being iMed for publication, made tins , 

In Februarv 1947 the services of a photographer, John O B'-o.tru^ 
were obtained. The photographer and the 

begun the program of restoration and preservation of riiM negativoa. 
the folloTCUic syetem was densed and is being uMd in tha work. 

(1) Chcmiesl improvement end cleanine of tlio ot^inol ncgnPVO. 
(2) IMiins a uniform enlarged print from tlio mginnl Eogsli^ 
OTppmg out datroyed and objectioimble backgro^ ..teas. (3) 
SJJdon of tnissing areas, and improven^nt of b»:kgrounde by tfe 
soienliBe Ulnattator with the minimum alteration "““““'I “ Pt«- 
3 faithfully Ike original negstivo. (4) Copimig the rwdnred en- 
largeomnt to rniform 8 by 10 ioeh alae. (S> Printing of pemimient 

“ A^UhlTproeesaing is being carried «t with the intent of insuring as 

great a degi’ee of permanence as possible. v i. .™ m 

First priority is being given those negativM wbioli arc nmrfed to 
mipjly prints for pay ofdera, i. e., those for which there is an nnn^ 
dirte ^rnand. Second priority sre those negnltvmi which are m the 
advanced ^tagea of deterioration* ^ 

At the beginning of the work in Fd.ru.ry an iMpeetion was made 
of each negative, and those nqiniing early restotwtion were listed. 
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A file of restored prints is being built up, and inspection in the 
offices of the BiLrean of American fikhnology is inritod. 

ooLLEcrnoKS 

Conditions transferred by the Bureau of American Ethnology to the 
Department of Anthropology, United States National Muscucn, dur- 
ing the fiscal year were os follows; 

17^QG6, e& £tbDOlDgif»it Specsin«DA trom ttie Eio Taiip4s In Cblombla and BriiflL 
OolLocLed by Fnni H. AlleOi 

Itdl&T. a etbnobiglcnl atwclmcna from tho Knvnlio Indlunn. CnlliNiEed by Dr. 

John P. mirrlcigtoii, at Fcrt Arlx„ Jn 

1T034T, 1 cer^moDlnl i^nn from Iroqvola lodlnns of gLx Natlolus Bjeserre* 

Canada. Collected by B. Hewitt, Joue ISlSl 

MI 3 CKI 4 «VXZ 0 US 

During the course of the year iufonnation wan furnished by mem¬ 
bers of the Bureau staft in replj to numerous inquiries concerning the 
American Indians^ both past and present, of both continents. Vari¬ 
ous specimens sent to the Bureau were identified and data on them 
furnished for their owners^ 

Respectfully submitted. 

M* W- SmanTNa, OMef. 

Dr. A* WKTOOitBj 

S^creiary^ Smith^<yruan InstituH^m^ 



APPENDIX 6 

REPORT ON THE INTERNATIONAL EXCHANGE SERVICE 

Sm; I hare the honor to submit the following report on tive activi¬ 
ties of tile lutemational Exchange Service for the fiscal year ended 

June 30j 194T. , rt u j 

Although shipping was suspended during September, October, and 

November because of shipping and trucking strikes, the allotm^t for 
transportation was practicaDy e^inwsted by the end of Mmub. Thcr<^ 
fore it was neccssaiy to curtaD sharply ehipping during the last 3 

months of the fiscal year, , . , ,, 

The number of packages received for transmission durmg tJxe year 
was T03,79S, an increase over the previous year of 
weight of these packages was T73,0T5 pounds, an increase of 301,076 
pounds. The average weight of the individual packages is approxi¬ 
mately 1 pound, 2 ounces, as compared to the average of the previous 
year of approximately H ounces—an indication that the institutions 
are still shipping material held during the war. The matenal re¬ 
ceived from both foreign and domestic sources for distribution la 
classified as shown in the following table - 




W4iibt 

Srial 

abtrood 

RfcrEnd 

ftflia 

■tUQUl 

ibfau] 

iibfpfld 

fiE«En 4*pftrtirf!ntai dfHTUDf ht* *smI 

iwoiie 

23. 

Pw*4t 

M,0S9 

To[b1. .. -- ----—- 


sxau 

; 



iia,m 



OpMsd. Ifftfiil- 



The packages are forwarded partly by maD direct to the addr^es 
and partly by freight to the exchange burea^. The number of box^ 
shipped was 2,678, a decrees of 638. Of the boxes shipped 638 were 
for depositories of ftdl sets of the United Statto Goyeinment do^- 
ments furnished in exchange for the official pubbcati^s of f^ign 
governments for deposit in the Library of Congress. The mimber of 
packages forwarded by mail was 164^05, 
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Of the material accumulated at the Institution during the war, there 
remained at the begitming of the fiscal year 196,082 pouncla. This war 
backlog ivua reduced to 69,020 but owing to enforced decrease in 
siiipnients during the last quarter of the year the actual backlog at the 
end of the year was 110,998 pounds. 

Consignmeuts are now forwarded to all countries except Rumania 
and TugoslaTia. Shipments to these countries will probably be re¬ 
sumed during the coming year. The notable resumptions of exchange 
are with Germany and Japan, which were effected with the cooperation 
of the Ciril Afiaire Dirision of he War Department. 

roemoN uEPOsnoBiEfl of cm'ERS'areNTAL noccMPjrre 

The number of sets of United States official publicBtioufl reoeiTed 
to be sent in return for the official publications sent by foreign goTem- 
ments for deposit in tlie library of Congress is 93 {56 full and 37 
partial seta). The depository for Germany has been changed as 
indicated in the list and the sat formerly sent to the League of Nations 
is now sent to the United Nations. 

OF trUU* ftF-Tfl 

AMsamNA: nTrralfln de TttteJtlgnelQiicS, Archlvo, BlbHotecu j Es- 

tr^Djero, d?5 Relaclofnic Fiteriorle* j GnJto, BuemoA All’€s. 

AUfTOMXA: CoioixioiiweDlth Parlfnineiit Aod NatlonnI Llbranr* Canberra, 

Nkw Sotjth Pcbllc Library of Ntiw Sod Hi Wales;, 

QDXESfiLAiCD: Biirnameiitniy Ubrary, Briflbatie, 
fkfirTR AuatelaIiIa t Public Llbr^iry of Booth AustniUa, 

TABSlArfu: ParJiamentury Library, HebarL 

Put^Hc library of Tlrtorta* SifllttourDe. 

WEflTFAtw At/srajiUA : Publli; Library of Wratcin Anatmlla, P#rth. 

ATTimtl A: Natloual Library of AliaErta, Vioonji,* 
p£U3iuM: Plbliotb^iie Boynlo^ BmxeUoa. 

BSAI^ i iDStStiito Nacloaal do Llvro, Bio de Jaoolro. 

Ca!tada: Ltbrary of Parllnnaen^ Ottflwo+ 

XTaNttchia: PfoTtncIbl Library j Winnipeg, 

O ST Alio: r^RlstlallTp Ltbrary* Tocxnito. 

Qoiascc: Library of the JjaglHlntiire of the PtovIdup of Quefew, 

Thuje: BiblloEecn NaeloDUK BAittlngo. 

Chi:ta : MloKrtry of EdurtitJonn Nfitirma! Library, NanklD^, Chian. 

PEHTtro: National Library of Peiplni^. 

CouutUA : Blhlfotpra NaclonaL Tto^ntlS. 

CoBTA EUoa : OnelTifl rte y Ganje lotoraacioani de PublEcacloapa. Snti 

Cuba : MblPtorio d? EBrndo, Canje TntertiadunaL Habona. 

Ctrcnnsr^'AiLiA: BLbllotb^oe de l^ABsoiobl^ NatfonnlOp 
Ds^VAme- Ihinako TiflennkabfiraeB Rplnkab, CopPtihng)*?B. 

EoTtr: Dnirau dcii PoblleaMon*^ Itirvlit^rp desf flnJiacca, Cairo, 
filflTD^ciA t RLIglTBaniatako^ I'Slato Library)^ TailiDo. 

Fttlanoj FarliamcDtary Llbrnry^ Helatukl^ 


^Addf^l dnrinff tbE year. 
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FfcAifc£; NuTtoikalfi, Paris. 

Gnw^Mrr: Ofl^nllLche WlssenscboftUclie BiliMothckT Berlin.* ^ 

Qm^rt Bktain : 

E^dLAsap: British Museum, LoadoiL 

Ijondoit: Loudon Sehooi of Ecoiioinlw Jtnd PoUtlCiU ScEfinp®. (Deposltojfy of 
the London Ooiuitj OaonclLJ 

Hungabt : LShrary . Hunisnrrnn Huuiae of DelegaEGH, BndapeeU 
l^-nLL: Jinporial Ubruty* Calcutta. 

IHLAjin s Natfonai LSkraiy of Bnblio. 

Italt ! U tnlsterSo della l^hl Icn IfftrosionOr Home. 

Jafa^ : Imperial Llbntry of Jupah, Tolg^o." 

Mexico: Saerelarfa de EelAL-loni?i Bjetoriores, DopartainEato de Informaclfin para 
el Extrimjero, MoxIcOf B. F. 

NEraEOf^K-UB; Boyal Llhmr>% Tbo IhilPlO. 

Kew Zeajj^mo: dcnpral Assauiblj' Libra rF> Wellingtoia, 

KoKTiijifiw B. M. SLQtlonery Office. Bdfast. 

NOttWAT: Ualveraltets-BlblSaUicfc. Oslo. i Depository of the Government of 
JJarTray J 

PtCEUJ SeecSOn de Propnss^nda y Publicaclones^ Sllalsterlo do Kelncliones Ei- 
tetlorea, Lima. 

pEiLiFTiPciH: National Librnrj. Man Lin.* 


Polakd: BlbllothiSque NiitScuwaep W»mw, 

PoaTnoAL: Bibltoceea NadanuV Lisbon. 

BuMAxiA: AjCndemia JUjuilnB, Bmcbar^t. 

ComlilD Intemneloual de PiibUcadoatffl. Avoalda Qilvo Botolo m 


Madrid. 


BwQ>E.>i: Edoglli^ BlMlot^ett StocVliolm. 

Swxteibwjsd: Blbllolbfeacte Contralo Fdddrale, Beroe 

TmtKirT - Ileportim^t of Prlnllo^ and Eiit^svlnp. MUilairy of Educntloo, Istanbul. 

Usmw OF South Arwt* : 3 Ute LUimry. l>r?tortn, TranaranL 

UtiiMf or SOVHT Sooiiki-iftT Hefuiiucs : AU Union I^enin Librnr;?. Mtwerw il 5 , 

UtBiiira: Uirolnlnti Societj for Cultnrtl Helotloia vitb Forelpt Uoutiitlco, 

H.lev 

U!»TTn>N*K 0 " 8 : Llbroir oi Uje Umi«I Notions. BttfltKrlanfl, 

Uwjuuatt; Ollclnn fle Cenje Inioiiifteloofll do mbUcBclonca, Wootevldvo. 
VE?rmmA; BMEoteca NacionaV Caracas 
lOGcALAnA: Mlnt&t&re de I'Edueailon^ Bclsrade. 


perosnoams of f aijtiai Hcra 


AraBANiSTAS ; library of the Afj^lmo Academy, KabuL 

Boutu: BlbltotccR del Jllaletwio do R^aclone* luxierJores f CuUo, La POi 

UDMWi Diroctorto Gcrsl e Estntlotleo em Minna Bello Horiwate. 

Bamatf Guiana: Governmeat Secretary’s Office. Geereetewu^ Danerara. 
Canaua ■ 

AJ.M£itvA: ProvinclaJ UbrarTp Edmonton. 

BixnsB CoLtTMUiA: Protloelal LibratJ', Victoria. 

New Brusawick: LcKlsiatlTc Library, Freilerlctou. 

Nova ScoxtAt FrovindaJ Secreiars ef Nova Beotia, Hallftt 

PniscE Edwaou iBLAma i Lc^lslutlfe and labile Library, ChiLrIattetowa 

Sabaatuhei* *1*: Le^atlre library, Eeelna. 


* Adited Ha Jf^r, 

^IfeoiporArlLy «i3*pcnd*d. 
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CETLDSf I Ct\ei SeOTtary't Office, Recom DepsnzueaC of tiie Ubmry, Colombo, 
Doulnec&n Kepijsi^c: BEbUot^ca de la UalTorsEdad do Santo X>oiuJnge CJodtil 
TrtiJlUo. * 

EcdAOOB; BtblSotcCa Nflclonal, Qalto, 

GUA-miALLt lllblJo(e<^ Nndoimlj GctaCcmala. 

Haiti: BibUotbii|oe Nailomila, Port-an-PrliK^ 

HosnUKAs; 

UEbUotec-a j ArehlTo NuclojialGs, XeEncIgoJpa. 

M^nleterJo do RoEaclodcs EJctorioros, TeKOClgiilpai, 

Jco^»D: NaUobuL Cdbroxy, HeylJftTik, 
lnuu: 

BKpraAL: UbFary, Beagnl LpfilslutGrE^ Ao^LTuhlj Hotisc, Calciitta, 

BrRAa AND CuisaA; Kc-Feotie Doportmont* Patna, 

UoMflAT; Uoderaeoretary to tbo Govonmi&nt oC Bwabaj, Gkooiwi Deport 
moat, Bombay^ 

BtntM*: SL’tnrtary to the GovernniBiit of Burma. BdocatloD DepartcKiit 

Buoifooa. ^ 


Punjab : Chief aecretiiry to tho Govi^nioiuut of the Piu^Bb; Lahore, 

Dntixd PBmiNcts or Aoba and Ounn: UhlTerelty uf AJlahubiMl, AUahnbod. 
1 b,%n; Imtierlia Mlntetry of Education, Tubmn. 

IfiAC}; PubJIc Llbmrfp Bae^daiL 
Jamaica i Colonliil Seerotfiry, Klniratod, 

UasaiA: Dcpartmeut of Stntt, MonrOTla. 

AX ALTA; MinlEier for tbo TreiiBuryp Vallata. 


NawTWsnMJTOi De^Ttinent of Hojue Affair?, St. John’s. 

NicAEAflUA: iUnMcrlo ile Bdadonea Ritoriora, IfiiEii^tm. 

Panama: Mlnlaterlo HelndynM Eitorlori!^ PaniEna, 

Pasaouat; MluUtwl* Je Belaciouai Eitorlows. Bcccl&i BlbUotoca. Asundih. 
SaLTADOSI 

BSbIEotcca Nadonal, San E4ilFailor. 

MiulatPrlo do EdscLativs Bitciiores, Ban Sf^lvadop. 

SUM ! Drpurtinent of Fotvlgn ASTaEra, Bangl^olt. 

VATiCAs Cii^ I £jblJetecn Apostol fca Va licimaT Yatlcdn City, Ita^ 


lJrrEErAmJ.^£NTABy ZXCIIANUE of the OWnClAL JQUENAL 

There are now being geut abroad Tl copies of the FederaJ Register 
and 65 copies of the Congressional Eecord- The coimtncs to which 
these journals are being forwarded are given in the foUowing list: 

D&o»nxwiiEa tdf «Hioaa*.«iojrAr. EEcom Aim nnatAL tooisisa 


Abcknti.ta ; 

BlbEIot^ deJ CongT^ Naclonal, Buenos Aires, 
BIbLEoieCn Poder Judlfidal, MonJowt,^ 


Ciiuiuru do Dlputadoa Oflclna do Inrontutclua ParliimcutaHa, Bucucm Aire* 

** Areontlna. Mlnirtorlo de Justice o luatn^' 

Pflbllca, Bdc^do? Aires. -niLj.tavT.MJu 

A: 


OonunoEWGfllUi Fsrliiiinieat and National Library, Canbem. 

New SOUTO w*!^: Library of Parllanieut of New South Wales. Sf slney 
QtntwaLAtfD: Chief Secretory’s oafce, Brtrtiane. ^ 

AufftoALiA: Library oC ParlhuscQt of Wcetera AnstraUa. 


■ iVdinii RpfrlAtcr aniy. 
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BLbnot«3i do Om^rosso Kflcfoiial, Rio do Jimelro. 

Impfoniiia NacioitMiJf EEo dc JosoLro* * 

: AncitlTo, RibUotoca e InipreoKji PgbUcqi MaMoa. 

Bajiia t QoFenmdor do Estodo ds ^io SsalT^dor^ 

Ehi'ibito gANTO! PimldoDolii do Elitado do EEplrlto ei^uto, Victoria. 

Hi& flo Sul: “A Fedewcao.*' Porto AJefre, 

Se^uipb: BibLlctociL PablicA do EBtiido de SoraSp*; ArflcuJtL 
aio Paulo: Ddo^oJ do E$tB.do, Sfio Panto. 

EffimsiL HoTcpuaAa: ColoBlai Eeccotary, BcUzOh 
Oahapjlj 

Llbmry of rarllamoiiEp Ottawa. 

Clerk of tko SepatOi Hon^ of Parllattietitp Ottawi. 

Cuba: 

Bibiloteca del Capitol lOi Habana. 

Blbtloteca PnbHea PonaiBoHcaiiap Habana.^ 

Eotttj; of Foreign A£t!jalrap Elgj ptlon OoverDineutp Cairo/ 

FitASCic: 

Bibllotb&duCp Chatnbre dea Dt^putdap Faria, 

BLbllotb^oe^ de la Beptibtlque.' 

Pttbllque^ de PlDscIltite de BroEt Compare^ de Fjula, Parla" ■ 

(iokat BaitjJir: Piioted Library of tbe Foreipt Offlce^ Londoiu 
Gpeudcb : Llbnirjp Qneok ParllaiaeDtp Aibena, 

Guatskaua: Blbllotcca de ia Asamblea Logt^latlTa,, <luatgmala. 

Haiti: BlblioEb^ue Natlonale^ Portnee. 

HoNoinua: Biblloti^ca del Coegreaa Kaclonid, Tepidgatpa. 

Iiruu; 

ClvU Seetetsirkt libmr7+ LudmoTr, Uiilltd FroTlucce.’• 

Lcglalatlre Assembly Library^ Lucknow, Cnll^ ProTlncea," 

Leafak live Depaxtment, SEmla^ 

IsELAaD! Hall EiTeannn Habtio. 

iTAi^y; LDtematlotiDl Ittstllnte for tbe UuiJkatEon of PriTate Law* Eom&* 
Muxtco; 

DlieccldiL General do Informacldn* Seerotartn de GotHrnaclbn, MexlcOp I>, F, 
BibHoteea Benjamin Fmnkllu, Meilco, D. F» 

AauABCALiE^fTt^: Cfibernador del B^kdo de AgtmocAllcDtes;^ AgnaacalEoDtet- 
CAia^rcnz: Qobern^tilor del Eslndu de Campoehe^ Cnmpec1io+ 

CiOAP-va: GoberHador del Fata do de Cblnpa^ Tuxtla Gu llorrei. 

CHratTAiiUiA: Gobemndor did Estado de Cblboabna^ Cmbnabun. 

COAnxriLAt PerEOdteo OOi^inl dfil Eatado de Cctabntla, Palaclo dq Gobtemo» 
SaltERo. 

CouicA * Gobemador dd Eatado do Colima, Colima. 

Buha-^go: Gobomndor OcuurtltueloDiiJ del ESftado de Hunmi^, Durango, 
GtiANAJUATo: SeerotaTfu Gr-nernl do Gotilexito del Ektxido, Guanajuato, 

Qjj^mo: Gobemador del Estado de Gnemem, CbrEpnodugo, 
jAiJjfiCo: Blblloteea del E^tado, Gnadnlajara. 

Ij&wn CALifOaxiA: Goberfiador del Distrito ^lorte, MexIcaiL 
MUjcico ; Gaeota del Goblomo, TolncA^ 

HichoacAii: Secrelnrla Oonoral de Goblemo del Estadq de Mlchoacin. 
SilozuUa. 


■ GDly. 

■ CDngr««sf0t]al Hwoid pnlj. 

* Adffod dijrlag the fcAT. 

T 774 Sa-^l^^-T 
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Mofiixaa: Fulaeto da Gobleitto, Cuernaracft. 

Nataklt^ Golvaraador de Kayarlt. Teplc* * 

Lfidir; BRiUotefa dai Esmdo, Maiiterrey, 

Oauca: PerlodSco Oacialp PftlAcJo de GoblernOt Oaxaca. 

Fuedla : aiscretarlJi General deGabtomci^ Puebla. 

qixk^auj: Secretaita Ganerfil dc Gcbtemuj Secjclfln de Afcht^a^ ^er^dro. 
Ban LUIS Poroal: Gougjeao del EstsdOp San LnKa Potofll 
SuTAijUiA; Gobernador del Bfltado, de Slnaloo, CulJacAn. 

: Gubeinirtdor del Estadd de Sonera, Hatiaosmo, 

T' jiitjk ism * Secretarfa Qeuaral de GoijBemOp Seeddn Sd, Bame de Ffeusai 

TAiiinuPAfl: SecretarJa General de Qoblenio, VletMla, 

TiiAxcala t Sccretarfa de GoLlernD del l^taJOp Tlazedla. 

Tekachue t Gatiernador del Bstado de Vemcni3a> Deparimento de Gubeimcidn 
j JoillcLap Jaittpa. 

TncATiilNi Gobomador del Bstado de XdCHtdnf Merida. 

New Zr*T.AW o .7 General AsEembty Library p Welllngt^tL. 

; CAntara de Dlpatadoa^ Lima. 
pflnAaia; bllstatry of Justice, Warsaw/ 

: DlpnEacleu de Navarra, Siin BeboatlaiL 
SwiTzxxLA^ i Blbl lutfrquop Bureau International da Travail, Geneva.* 

Ujffius Of South AtmuA: 

Cate w Oocni Hop*: Library of Parlluineutt Cape Town. 

TaAJcavAAi,: State Library, Pretoria. 

UituouAT: Dlarlo Ofleialp CaUe Florida 1118^ Alouterldeo. 

Ve^ouela; Blblloteca del Consreso, GAraceoL 

POTESIGN IXC BANGS AGBNCIE^ 

Exchanges are sent to all couDtries except Bumania and Yugostavia. 
Tlie countHes listed are those to which shipments are forwarded bj 
freight. To other countries not appearing on the list^ packages are 
forwarded by moil. 

List or AOTLVGISS 

AustaTA; Ausirtau Nntiouat Library^ VIeuoa* 

p^rjiurM* Service des £chBiie€fl tutemBtlonaux^ BlblloUi^ue Boy ole oe 
Belaloue, BnixeUes. 

CniNA: Btire-au uf lAternatlenal Ei^ehsti^, Nutloual Central library> Nanktuan 
CkEOBosLOVAmA ^ Bureau defl InternaUonouXp BlbUotb^ue de PAasem- 

bl6c NatSonaie, Pmuue 1--100. 

DehhASK; iDStltut dea ^;cbuDsea luternatlonaux, Bibllotlie^ue Boyale* Copeo- 
bse^u K. 

ESGTTTi GoTernmeat Pr™^ Pnblfcations Office* Biilau, Calra. 

l>e1c;gntlDD of tbe SolaattUe Societies of Flalaad* Kosaru^tau 2-lp 
Helsinki 

FttA-tcEi Borrloe dee Sebanses IntemaUonauXt BibUotb^que Nationals, CS Rue 

do ElcbelleOp Paris, 

GEnwATTf; Offimtilehe Wlssensohoftllche BlbUntbole, Berlin.* 


■FwTcral aAftirer Anty* 

* £H«tr1batliiD itiDerTlf Ion War t>BaAEtai«CLL 
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se 


QsEAt BiJfTjtiN AjfD tK£LA'mn WteldoD & We5le3r^ 721 XdtOi (Erculaf Eontl, 
Wlllesden, LondoOt N. W- 2, 

HtTTcoAATl HtingjirSiaEi Llbnirlca Board, FerEDcleteter& C, Budap^t, IV. 

ImuA: fiupCTliitGncIeDt ot (Kivemmeut TrLotlti^ aal Stationary, Bombay, 

iTJtLTJ 

Ufficio dofiU Scambl IntctmrloEali, Mlnlotfero deila PobUca Istmiiotie, Bt»me, 
iAPalf; 

InrornatLobRl Rxcbnnge SoirltCi Imperial Libra ry of Japan, tlyeno Part, 
Tokyo* 

NETHKEi^rroa! IniematlonMl Hsebaiiga Bnreuu of tbe NetherlnaiU* Boj-ol libniry« 
Tbo Hague. 

New SonH Waleh ; PnMit Llhrarj of Now South Wulei> Sydiicy, 

New Zeauino! Gen^nJ Assembiy library, WalllngtoiL 

Norway i Berrlce Notr^gloa de* f^liAnees IntenflAtloimus, de I’Ont- 

v«rsJtd Hoyolfc Ctelo. 

FAuanjic: Jewish National and University Library, Jeruialem, 

POLAtm : Service PoSonala dc« fabangeg intematlonfliii; BJbllotb&ioe National. 

Warsaw. 

roETuoAL; Sec#o de Ttocoh Intiffmaclonals, BIbllotocn Nacioiml, Llsbpo. 
QinT!«SLJL?ii>; Bureau of Eicbftnges of Inteniatloafll Pabllcatlona, CliSef Sacrc- 
tiiry*B Office, Brisbane. 

Bumakia: In Ptopagande Nationale^ ^errice dcs EcLangea Inter' 

tmtlotiaUEf BuebaresE. 

Sotmt An»rtcjaix: Sontb Aufftnillais Governmetil EKchonStta Burcunp Goverri- 
mailt Printing and Stationery Office, Adelidde^ 

Spain ! Juatn dc intercamblo y AdqnlHicldn do Ubma y Herlstaa para BIblote- 
caa Pdbllcas^ Mlni^terlo de BklucadOn Naelonal, ATeiLlda Cairo Sotelo 20, 
Madrid. 

Sweden; Kuoptlga BlMieteteel, Stockbolm. 

Bwtresland : Service SuImb dea £i± 40 fte* iBleomUonotii. BtbUiiUij'aue CenttBle 
FMdrnlo. Palule Fed^mle. Beme, 

Taoma.nia : Secretary to tbe Premier* Hobart 

Titbket: MlDlEtrr of BdocuHoii, Department nf t'tlnttoE nnd BOfriaTlmt. Istnnbu]. 
UniDST or SoDTii AiatCA: floTenitoent PrlatliiE ndtl Stationery Ofllcet Cnpe Tnwo, 
Cape of Good Hope. 

UNiOtt Of SOFIET ^DciAOtT BETUBUce: IntetnatloDflil Book Eichon^ Dejart- 
mont, Soefet)' lor Colmral BelntlEiDB with Forel^ Countries^ Moscow* dd. 
VioTOWA i Pobllc Library of VEciorSap MelbonrOfc 
WEatEftN AtrsTRAtiAi PnbUe Ubrnry of Wegtem AnAtralla, Pertb, 

YcuosiatIa: Section dea Eebangea Internatlonaox, Mlnlstfrro dea Affntreii 
fitraag^rea, Belgrade. 


BcspectfiiUy sulitnitted. 


H. W. DottfiET, AatifUf Chi€f^ 


Dr. A. WKTJTORfi, 

Secretary^ Sm{lhsont(xn iMtitutioTU 


■DiiLrlbtiEloa iiDdEf iapwrlilaD Of War Dtpartoret 



APPENDIX 7 

BEPOKT ON THE NATIONAL 200L0GIG.VL PARK 


Siii: I tttvc the honor to submit Uio following report on the opera¬ 
tions of the National Zoological Park for the Hscal year ended June 
30,1047. 

The regular appropriation for the operations of tbo Zoo was 
$393,420. A supplemental appropriation of $39,100 for salary m- 
creases authorized by Congress was also available, making a total of 
$432,500. Subject to minor change in final bills, a total of $425,748 
was expended for all purposes and an unexpended balance of $6,T52 
remains. Inability to fill many of the positions for cousulei'abte 
periods resulted in salary savings which were available to apply on 
salary increases that had been authorized by Congress, thereby reduc¬ 
ing the amount that was needed in the supplemental appropriation. 

During tlie war equipment had deteriorated and stocks of materials 
and supplies had become seriously depleted in many instances. By 
diligent search the Zoo has been able to replace or repair some of the 
equipmeut and replenish some of the ouppifes and materiala. Tbs 
dose of cite fiscal year finds the Zoo short as to many items, but as a 
whole in a definitely better condition than prevailed a year ago as to 
exhibition animals, personnel, equipment, materials, supplies, and 
general condition of structures and grounds. 

During the j^ast year a slight improvement in the supply of ^loimnla 
for exhibition has enabled the Zoo partially to replenish the Rtndr- 

Pbysical improvements included the completion of 370 square yards 
of aidewalk; surface treatment of nearly all the main roads, a small 
parking area opposite the largo-mammal house, the road back of the 
bird bouse, and the service road from the silrer-guU cage to the bird 
house. Excellent progress has been made in painting, which is a con¬ 
tinuous operation in an establishment of the size and type of the 
National Zoological Park The general appearance of the grounds 
has been very matorially improved by pruning, clearing of utider- 
brush, cutting down weeds, and renewing and mowing lawns, nil of 
which had been seriously neglected during the war period. During 
the summer of 1946 excellent progress was made in fighting poison ivy 
by spraying ivith ammonium sulinmatc. This proceduro w'as con¬ 
tinued during the summer of 1947, and already a great reduction in 
this pest is noticeable. The fight against poison ivy was greatly 
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facilitated by tiio cooperation of the Department of A^icidture, 
Bui^a of Plant Indiistry, in lending a power eprsy. Before 1047 
the 5Ioo has each year received numerous reports of ivy poisoning in 
the Park] but up to midsutnuier of 1047 no coses haTC been reported. 


WFEH B OF Tius zoo 

A small addition to the personnel is needed to enable the Zoo to 
carry on the work in an efficient roanner and pornut employeea to take 
the Teave to which they are legally entitled- The Zoo bus been uodt^- 
manned throughout the entire period of iU asistenoO] and with the 
adoption of the 40-bour week, the situation has become particulaily 

acute. , 

As the years go by the need bocomes more pressing for new buUUings 
to replace antiquated, dilapidated structures that are still used to 
house animals. Preliminary planning has been taken up with the 
Public Works Adiuinistration for construction of these buildings 

when economic conditions justify. 

The condition of tho Administration Building, wMch is now about 
142 years old and has hud no major improvements or rehabllitabon 
for many yeare, is such that it cannot be kept in presentable condition, 
and the cjcessive dampness U injurious to equipment, records, photo- 
graphs, negatives, and books, as wcU os to the health of the employees 
who work in the building. 


VISITOM 


Before the war tlia attendance at the Park was much greater on 
Saiurdavs and Siindays than on the earlier days of the we^. Since 
the war there has been a surprisingly uniform attendance throughout 
tlie week, eren Monday and Tuesday consistently showing good 
attendance. Throughout the year it was noticeable that there was a 
Hionsistent Increased attendance of visitors over ® 

final tabulation showing an increase for the year of SB8,341, 


■srtw.in3 sombcb « rrsnoBB nn rtscu- 


JiJr (iwe)- 

AnsuHt_— 

Sh^ptembor__— 

October..-^^^—- 

Dec™bs?r- 

Jraiiaiir.r (10^7 > 


an. 000 
mooo 

270.700 

max* 

maoo 


flllOO 


mm 

alIU.LV£I^--—I---*■«,— 

4 „ 

374.0i3a 


msw 

Wj - -- 

SGe.4QO 

J - 1 .. M B1 ■ 


D3.»0 

E4,eS0 

Join U_- 

itTMiOrS 


GrouiJs came to tho Zoo from schools in SS States, some as far awoy 
as Wiflconsinj Indiana, and Louisa ana. 















92 ANNUAL REPOHTT SMITESONIAN INSTITUTION^ 1S4 7 


SCnUBEII Of Of OOPS FBOU SCHOOLS 
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Aijoat 2 p. nL ench day tha cars then parked in the Zoo are counted 
by the Zoo police and listed according to the State, Territory,, or cmuh- 
try from which they came. This is, of course, not a census of the 
cars coming to the Zoo but is valuable in showing the percentage of 
attendance by States of people in private automobiles. Tlia tabula¬ 
tion for tlie fiscal year IMT is as foUows: 


I'dWtU 

WafMnEtoD^ D, C—__ SO. a 

JPHfTWflJ 

Nortb Cfirollna____ l.S 

MarrlBDU-^ ^ 2l, 0& 

Weat virgiTiiii__ 1,2 

VlrglDla___- 20.04 

rjtUfnrnlfi 11 

Pcnnsrl^ffnlB _____ C2 

1 t 

New Torfe_______2.{i 

Mil 1 lip 0 

Ohio____ —__ LO 

FJorlda___ , 0 


The cars that made up the remaining 12.67 percent came from 
every one of the remaining States, as well as from Alaska, Alberta, 
Argentina, Australia, British Columbia, Canal Zone, Cuba, Hawaii, 
Manitoba, Mexico, New Brunswick, Nicaragua, Nova Scotia, Ontario, 
Faimma, Quebec, Saskatchewan, and Sweden. 

It is well known that District of Columbiap Maty land, and Vir¬ 
ginia cars bring to the Zoo many people from other pirts of the 
United States and of the world, hut no figures are available on which 
to base percentages. 

THE EXHIBITS 

Tlie quality of specimens on exhibition hag been fairly satisfactory 
during the year. The total number of specimens on hand June 30^ 
1&47, was 4H more than on the corresponding date in ltH6, the prin¬ 
cipal Increase being in tlie numhar of birds and amphibians. 

The outstanding exhibits during the year were penguins. Four 
species, the emperor, macaroni, roek-hopper, and adelie, were brought 
from the Antarctic by the United States Naval Antarctic Expedi¬ 
tion throngh the interest of Rear Adni. Rtchard E. By id and Ad¬ 
miral Richard H. Cruzen. Two other species, the Humboldt and Jack¬ 
ass, were already in the Zoo or were obtained from other sources. 
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PENGUIhlB m <^l^A^-rnaHJEO COCD-STOrtACSe ROOM IN WAHONAL ZOOLOOEC^U PAHK 
L^fl in rt(hl: i t■^nswl^‘F^ I tlnffc ^ ui4«HnpN^ J >ui'k^ X Nlrncn I I'hi-sli^tfrajrih by Krnpn i** WjJkdr. 
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Five MACAl^OTi^ AMP TWQ HUMBOLOt PENaUINS IN OUTDOOR POOL AT NATIONAL ZOOuOplOAL PARK 

PtnilngfUi-ph br Emm T'. W 
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EEFORT of TffE SECRSTTART 


ThirtY'four oceUated turkeys were brought to tje Zoo by Dr. D. S. 
Newill/who had obtained them in Guatemala. These 
been v&tv rare in coHectiona And make an interesting eihibit. Fire 
^ Snrf and eh. r«. dUeribae^i by Da. NewU .a otta aoo. 

Other interestmg birds were two gray * 

first of the species to be exhibited in the United Stiites. 

4ree spS^cms of Troo^'a turtle, two albino and one nomally 
colored, were depcsitwl by James Kelson Gowanloch w«e 

vounii only about 0 inches in diameter, but were outstanding ^ 
cause of the extreme rarity of albino turtles. These are a^beautifu 
S cream color through which shows the pattern of the normal 
TOloration, They have pink eyes nnd a bright red spot on the neck 

that is characteristic of the species. ^TvImiirT interest 

Exhibits of very sroaU creatures of more than ordinary interest 

we^hree different species of tiny frogu: the green and black arrow- 
mison frogs, red and black frogs, and yellow and black iitelopiis. 
^Other additions to the collection that were 

A i^oime creat fftAT kangaroo, which was a gift from the people of 
Aurtralfa^he^ople of the United States and was flo>™ to Wash¬ 
ington on 8 nonstop fliebt September 80-October 1,1046, ^m F^h, 
AS^raZrtrWasLion, D. C., by the United SUt^ Navy plane 
a voung Alaska brown bear receded through the 
of membere of the force of the Alaska Game Commission and 
thresh and Wildlife Scrrice; an Arabian gazelle pre.^nted to 
♦i, 7^ hT 7 W W Shaffer* a spectacled bear from the Andes region, 
the ^ by W. born to a pair that had been 

(3in>«# the ^O^SCiP .nd Dr. Aurtin Bni« 

Koga, Director, tJyeno Zoological Garden, Toky , pa 
ACQrnflrnos’ or spEcniBiia 

the specimens for the r^ of their . | shipments of live 

Durmg th. ,..r th. 

rZ ."7.taC.»Std Z h« tr».p.r.«i h, ti. ut^.1 
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might hare died en route. The experiences of other 3oos and animal 
dealers have been similarly successful, suggesting that shipment of 
live animals by air may be the most satisfactory mcthcKL 

tKrosiniaB ako pokobs aso tkeib aana 

5, M., WiijMii^Oei, D. G.^ Fclclfi tlock. 

Acorn Pet and Gift SliotJ, WMhInisIcin, D. 2 canary XElBtln liybrldo, 2 coeltatlel^ 
ALasJca Game Commission and C. FMi and WIMlUa Aloslin brown 

bear. 

AJlinn, Mre. E. X.p D. rlng-DD<^ed dOTc. 

Alston* FIcrbertp Wasbinj^onH B. C.* woodcock. 

AostriLlla, People of, tbron^b U. S. Navy, great gray kangaroo. 

Bader, WeBblngton, D. O., 2 dome^sUc rabbits^ 

Baum, Loola, AtorEandrlAt To.., 2 dovi^ 

Beale, Mrs, S. H., Wontalnirton, D. 2 unnpiihig torUee. 

BeneiUcl, Jeannep Wanblngtoci, D. Ct box turtle^ 

Berry, Lewis, Detective BareacL MetropoUtae PoUce Department, Wnablneton, 
C.p 4 borued llxards. 

Best* Mr& Rlclmrdp WesblngCoD, D. C-p suJpbor-crested cockatoo. 

Blllodi, J-, Wasbtiigtou, B. Cn doable yellow-headod parroL 
Blancfiette^ Hicbani, Takome Park, snant^bg turtle, 

Holdrldge* Dr. F, Al.^ Cbester, 0-* cboln k\ng smike^ 

Bntdy, Morris E,, Waablngton, D. €.p ]» red end binct frogs. 

Brewsterp Kingman, Washlhgtoi], D. C.p 2 wild turkeys, 

Browp, DlUard, Wnsklegton, D. C.p 9 rlng-neckcd doves. 

Brown, Bobert Y., De|iartment ot BtatSp Wusblnirtoii, D. C, 4d little spotted 
ttnamoup* S great tluatnom* 

Burtt Donald H^* WaabEngton, D. C,, pine or fence lizard. 

Calrln, Mns. VI F,, D.-itilcla Park, MtLp 2 Pekin dneks^ 

Oempli^l, George llr, Detroit, corn sUBke, clitcken seoka 

Carey, MaJ, % PostnmBLer, New Orleans^ I^^p doaroucuuU or owl moo^y, 

Carlson, iL Bdgewater* Pekin dock* 

CiLTHOQp Jamcsp AKixiindrtH, Va.* mr^Ie, 

O^laf HIM Bird Farni^ Ejindover^ Md., Hreceb owlp robln^ 

Cbappell, Elchard dUefi PTTibutJan Comt* Wiuiblbgtiin, D, domestic 
rabble. 

Clow* JiikiCp Cbery CbasCp M<t. Pekin duct. 

Cokerp James L, AHIoiton, I'a.* boraed llzard- 
Cook* Jhj Baltimore^ MfLp 32 Afiicfin clawed fjogfc,* 

CoolldgCp Belle, Wasblngton, D^ XX, domestle rubblL 
<3oweLI, Jerry, Gceenbpettp Md., aijccracled calmnn. 

Cox* T. S.« ArllagtODp Ya.p aUIgatof . 

Cullen, Eer^ D. G-. WcM>dstock College, Woodstock, Md-, copperhead snake. 

Decse, Jt>e, 91d., rbesua monkey,* woodcbnck or gromid bog> 

Duultum, CralE D., AJetandriii, Va., Anicrlcim cool 

Dnnlapp CapL S. A., U. 3. Embassy^ Buchob Aires, Argentina, AJ^gentlne tree frog, 
IS paroiiuets. 

DurjeTp Dr. Wlinatn B.^ Waabltigton, D. C., red EBJainander&* 

Eller, A.p Fulls Cbnrcb, YiLf Pekin duck. 

FlemlUR, Ah L-, FoJl^ cnrurcb* Vn„ Ml£slssl|ipl mud tnrtlOp pilot scaki, 

Foellmcr, Jobn and Elcbanl, WnsblogtOEi, D. XX, 2 Pekin dneks. 
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Fallal, Arttatir, WUllaiustowU, N. green grusa nvike, 

Fort. B, F., Aapla HUl, Ud, if sparroir tnwkB. 

Fowler. JamoB H. CberT QiaWt Kd.. Tcsm dlamoBd-backed ratcleanakc. 
Freesian, Mrs. J. W., Witshlogtoii. D* C., 2 Fekln dairJu. 

Gala, Mra. M., Waalilngi;™. D* CU Pekin rtnctXniHlIard duck hybrUl 
Garrett, William B., Blebmoad, Vu.. double yoUow-hcaded parrot, 

Oazln, ilai, Wwlilngton. D, C„ Pekin duels, 

George, THi<a Waabiiigton. D. C., red fox. 

Gildea. lire. Jamea liL, jurlingtoa, Va„ 2 Pekla ducka 
Gtover, B. I*. W'aabli^on. D. C., Ainerlcaa bittern.' 

Goddard, Don, WilsoB TeacheiB College, WnsblngtoB, D. C„ 2 golden bnntebim' 
GoeUer, Jobo, Wasblngton, D. C., golden bamator. 

Qowanlocli, jamee Nelson, LoetKlana Departmeat of Wildlife aud FUherles, New 
Orleans, La., S Trtoat's turtles (iDcladlcg 2 ultdnoa).* 

Greenberg, Albert, ■Tanapn, Fla., 0 cllrobing pereh, 12 blind care flab. 

Onlleb, Mrs. DorotL^, Sllrer Spring, HiL, 3 Pekin docks. 

Baggenmakor, Charles, Sultlaiid, &ld„ bam owL 

Han wood, Mrs. Virginia. WinjhJngtun, D. C., 2 Pclda ducks. 

Harper, Donald W., Kensington, Ud., pQoS Biiflkc. 

Harrell, B, O, South Boston, Va., rheaus monkey. 

Hart, Joseph F, Waslitngton, D. C.. apftfrow Lawk. 

HartgroTos, Bill, Eonslngton, Ud., painted lurtla, 

Hnyea, Mrs, wmiam J., WaalilngtoEi, D. O., Pekin duck. 

Hcgcncr Rosearcli, Snmsoto, Fla., 0 hutlaa. 

Heln^ j, n, wesblagton, D. G„ Pt^Ln deck. 

Horsej, Lt. J, Arlington, To., yellow-headed parret. 

Hines, alra. U., Hyattarllle, Jld,. diamond dure, Cuban ground dort, Cuban 
tanager. 

Euhhs, 0.1*. La Jolla, Calif., 3 bomed lliarda. 

Hegbes, Charles, SUTor Spring, Md., pilot snake, 

Oughes, Thomssi Middletown. Del., Bharp-Bltlnned hank. 

Huaund, Dnrld, Arllnglau, Vn., tlU monkey.* 

Ingbaro. Rex, rtuffln, N. Cl, EnEtera cblpmunk,* raocoon,* Swainsow's hawk.' 
Jacfeler! A, M„ Director. Eeptlie Control, Dopiirtmeat of Agrlcnltnre, Pinrre. 

a. Dak.. 2 northern horned lizards. 

Jessup, Gonlon L.. Washington, D, C., pilot snake. 

Johnson, Clerls. Washington, D. 0„ barn owL 
Joned, Mrs, R., Arllogtoh, Vn,, weasel. 

Kelley, Mlsa Karen, Alexandria, Va., opoesnni, 

Kennnrd, Fred; E-, HyatisrUle, Md., 2 inussivy ducks. 

Elmbell, Charles Lw, Hj’PttBTlUe, Md., 2 homed lUardo. 

Kiaesnnoa. W. Ollter, Chevj Cbuse. lid., 3 game fowl* 

ElcmctBen, P. Washington, D. 0„ alligator. 

Knoft P. T., Washington, D. O, t> box turtle*. 

Eoerdcl, Dr. Mannel-Malduado, Mesico, S MOlotla, 

Grnmer, Miss G. A., Wnehinglon, D. C., Pekin dttek. 

Lalona, Elchard J.. Washlngtoa. D, C., painted turtle, Cumberland terrapin. 
Lee, Jlmmlei IVashlngtoa, D. 0., alligutor, 

LelbeL Mrs. Lepoy. Washiagton. D. C, grass pannioeL 
Lelbold. Gordon U., Chery Chase, Md., Florid* king snake. 

Lcmieux, Jerry, Waohlngtoft, D. C-, mttscory duck. 

Dnnd, Both and Dlsnc, WftStaltigton, D. 01, 2 Pekin duck*. 


'Depeslta, 
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MACIcey* Hc^leo N.^ WwliLDfftoii, D- C., dtic^ 

Majiwflr* Mrs. Lilly, VVa^iln^on, D. c&rdftifil. 

MurkwLtbn Curl, WesfaEn^ton^ D. C.p donmtic rabbit, 

W. WnaMD^Eon, D. Crp 4 tmnbim towL 
MauriEr, Nflti nnd PlltBy LoUi AtUb^olw Va„ ± domestic rabblta. 

UoyeTp J. D., SJlyer Spring, Md.p 2 PeMn ducks. 

McCraoaUip Bn}d{^Fick^ EockrUlie, Md.^ 2 rJn^-a-rckcil ph^uBoatf, 

M(d>oiia1dp Brlln^, Takc^pia Park, Md.p m^avst titjcks, screwb owl. 

McKayp Ritymoad J.p Waffaiogtot], D. On wbko-tliroatcd cupucblii. 

MelvlUa^ Hn Falii Cbarckt Tii^. 3 PckEii ducka. 

Meyer, J, L,* SUirer Sprlngp Md p 2 Pekin ducks, 

Mlcbalp Mr.ip Woablugtoa, B, C.p Fekin duck. 

AillltTp W, On Front lioyulp Ya.p 2 j^reat bomed owIsl 
Mitletp WmiEju E^p Waabiuftcn, 0*r PckLa duck, 

Miller, WlUJain W., Washlngtoo^ Vil^ barn owL 

MUae, A. BeEkesda, Md-, Fckin duck 

Mltcbellt Sblrlcy WaobLngtoQ, B. O., rbesus monkey. 

Molse, LawTfinco l^p WaatiogtoD, B, On sereocb ewL 
Montague^ Mm GlatidSt Wadilngtoix B. Cn 2 p-aas parcmneta. 

Moorev C- O-p Waatilngton,, B- 0., 14 gro;^ paroquets. 

Naval Besoarcb Qenterp Betbe^a, Md, rbe^ns maakey.* 

Nelson, Mr A B. W,, CooUdge HEgb Ecbool, WasbingtoDt Cn greeo tifee frog, 
Newill, Dr. D. Sn GonncllffvUJep Pa^ 34 ocfellnted turkey®,* Reeves* pbessant, red 
Jnngle fowl, SwiWho&'if pheasaiitp Nepal kaleege. 

Old W. E., Jr^ Norfolk Va^ 9 water moccasiiiSL 
Oradorlf, Mrs. B. P.p Berwyn, Mdi 3 Pekin dvckA 

Ferklni^ J. B.p Rv'tck Bay Natlonnl Wildlife Refugep PungOp Ya^ amow goooe 
perry* MrSn WaEhlngton, D. C., ioggerbeaiJ turtle, 

Poe, Mrs. H- C* Wasblngtonp B, O-p domestic rabbit 

PaUoj, S. M.p Nftflonal Institute of H^altk Betbesdo, Md., SO galden bamatem 
cotton rat 

Pofter, Lincoln^ CbcTy Cbase, Md., opoEBUni. 

Preatop, Mm P, D.p Gage School, WaahLngton^ D. C.p 3 golden bamstem* 

Pnplls of the Okayama^Ken Crammar Schoola, through Brig. Oen. Jahn W. 
Q'Brlen, Chief* Scientific end TOebnlcul Dlvlisieii. GHQ, SCAP* and Dr. Austin 
BrnE?a and lieutcantit Kelly, coUccced through Br. l^adomtclii Kogo, Director 
of the Uyeno Zoological GardtUp ToIq o, JapaOp 5 giant Jo panose flalamanderA 
QnlDter* G., Chery Cbnac^ Md.p Pekin duck 
Ruccle, Eugene J.p WoBhlngtOk D, C^* Bidden pheasant. 

Reodp Yemon^ 't\'n«hlDgEOtir B. C, Fokin duck 
HemBcn. Mrs. D.« 2 aknnks. 

Ht^elp Mrs. W. E.p eyattarllle^ Md.* sparrow hawk 
Robert, Mlfls Alice B.p water siioke.^ 

Rowop Mr. and Mrs. K, F., Washington^ B. Q., 2 ringed wnrhllng fioebes. 

Eoys, Harold, Sheffield, Mass.p 2 timber rnttlesnakCA 

IluhCp Louis, New York N. Z.i rat snake, frog, ejra or yaguahmdl.* 

Rnbel* Miss Mary L, Washington, B. C.* qiicen or mooji ipiako. 

SokeLI, Hanald, WashlagtoJl^ B C., 2 white mice. 

SardOn Mrs. Wlllfan]^ Silver Spring, Aid,, Pi^tn dn(i. 
figwyer, T- E-f AleioBdrtnp Yn., crab-eating macaque- 
gcaratnoBu, L. O-p Habnna, Cuba, Bbortdogged lEanl 
Schaefer^ Ranald L., Waahlngionp B, C-* tax turtle. 


'DepttKtiti. 
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Scboub, llTB. Anne E,. Waslilnitoli, D. C., d<nlHle yellow-beaded itonot. 

Sbaffer. W. Hobbs, bid.. Atablan Eit%«Ue, 

SlwimoD, Urs, Eiaab< WaslilBj^un, D. C,, SPeblii duckR. 

ShleUd ,Wi)llBiu S., Grwbelt Ud., Une Jay. 

Sbostlek, Hubert, Wnsldaston, D. 0., sreea snake, 

ftllTcrniiBD, Marlon aad HaTlene, WakliiJijton, D. G., Pekin duck, 

Simpson, Mrs. LllUe W„ Waaliingtoa, D, C., domesllt- snlaea plB. 

Slagle, Bobby, Lubbock, Tei,, 0 hcurnkl llsarda. 

Sjnltb, Mrs. H., Wasblngtob, D, C., blue Jay. 

Smith, Margaret O, Wasblnston, D, 0., 11 botnlrd lahoraiory rats. 

Snider, Mrsi Geonre P., Sllyer Spring, Md,. Pekin duck. 

Snyder. Freoman W., Wasblngtou. D. C., 3 red foxes. 

Spates. W. B,, Jr,, WashingtOD. D. C.. Fekla dack. 

Sptney, Mr,. Washington, D. 0„ tarantuln, 

SprtnjpT, Harriet a.. Wasblueton, D- G. 2 Pektu dneka. 

Stone, Carl O,. Silver Spring, Md., red-beUled woodpecker. 2 painti-d turtles, ispot- 


Eed tftTtle, hot. tgrElp, 

Stroman, IL H., Jr., Waabington, D. C,. 2 Pekla ducks, 

Stulta, Roliert, Fnlli Cbureb, Xu., pilot Eiiake, 

Taurman, Bert, HlchtnODd, Pa.. 2 ttd-abouldered bawkA 
Taylor, I* a., Beihesda, Md,, 2 PeltSn ducks. 

Tbtrieentb Police precinct, WasbioBton, J>. C„ 2 chain king snakes. 

Thomas, J., Washington, D- 0., canary. 

Thomas, Jeanotte, Wnahington, D- C„ 2 domestic rabbits. 

Thomas, Dr. W. B, B., Dover-Foxcioft, Mb lac, 2 garter atiakes. 2 green frogs. 
Three Oaks Bird Rtmi, HysitsFlUe. ild,, 10 doiaestlc pigeons. 

Tiosman, L- T., Washington, D. C.. whSto-tnfted marmoset,• 

Trlble, W. B,. Washington, D. C., 2 Pekin ducks. 

Tiireman, Dr, O. B,, Sandstoo. Va„ gray fox. 

Turner. WllHam, WcetwcHl, Md,, duck hawk.• 

D. S, Antarctic Expedition iJMfi-l&lT. through Admiral Richard E. Byrd, 2 aniperor 
peagulna, 13 omcnroal nenguifts, 0 roclfboppcr iienpHusv 2 black swatta, 

U, S, S, Ifowni orympue, through eonrtusy of Admiral Richard E. Byrd and Mraful 
care of Mf, Jack Pctklns, HColIceted liy crew member* of the U. S, S- Cumtuefc. 
under ctiauDiind of Capt, J, B. Clark, 2 adelle peoBOtos. 

Walker, Mrts. <X Oh CUfton, Va„ pilot snako. 

Weils, Mrs. Charles. Washington, D, C, oppg®!oni. 

Westeni. Lt Comdf. O, 0., 0, 3. N , Naval Medical School, Bothe«ln. MrL, 2 


Jionifid ikarda. 

White Home, WoahliiRtoii, D. C-. flocciestlc lomb * 

WLdmao, H. D , WfiflhlBjjton, D. 0,^ Cumberland torrflplli+ pointed turtle* 

Wilkins. O, li,, Washlngtoa, D. C., black snake, 

Williamsoa, O., Wasblogton, D, C., hog.uoswl snsko, pUO't snake, pigmy rattle- 
BDBke, 

Witt, Benton, Cabin John, Md„ gray foi. 

Wood, J. S., Waatilngtdn, D. Ch 2 Pekin dticks. 

Toung, Mrs, W^Tokoma Park, Md, Pekin duck. 

Zardu*. Manrtce, Rlvenfslg, Md., ttstem dlamoud-hacked rattlesnake, 2 copper¬ 
head aaukwi. cottoumouth moccasin, coral sniikc, S water snakes, 1 plgtny r*t- 


Zetek, JamcA^Iboa, O. Z.. C3 yellow atelopus, IWBrrow*pi.>l*ou froK 10 baslll.'iks. 
ZloJcham, Dr. and Mrs. A. M, WasJilngtoU, D, O, horned lEssnL 
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BtHTHB AND HATCHlNGH 






Sdaiifi£ ndAE 

jlmniD^ra^ Imia _ 

jlrii ozu___ 

Bihtit ^tirui, 

Biim bi40n ___ 

Bow lanrui ____ 

Caprcm^f _ 

C^ui eapueitiui^ __ 

CerCttpiiJMiiM aiihi&pM 
pypvryChrv*. 

CdiTVf caruH^fiwf ---—. 

CcTTUi mpjHWi--. ___ _ — 

ChffopWj iti&flrifffitii__ _ _ __ 

CvncrMj/J fud'firicianuj- ______ 

i)aTna dAT!Wi,,__^„____^___ _ _ 

£7ciina _----- 

2>eifvpreK:(d prirmndfopAa---- 

Filii coneo/or_ _______ 

Giraffa camclopfirditUw _____ 

/JtppopcJaFniii cifnpAilduj _____ 

Lama fflama ffuanicoe^ ____ 

Od^^coiltu* tir^nianui_ ___ 

Owit tfurijpwci,^---- 

PtriodidietAW ____ 

PoepAci^ prt£iini>nj^____ 

Pro^ftm -- 

ThalarcUn^ moniiiFitil X Ut^uw middttuiorffi. 


Ca^wtoa MBmw ^umhtt 

Aoiidad__ S 

A^ifl dicer^ _2 

Gaut.__ I 

AmoriMJi bLwn.-. _ 3 

Britiili Fftrk CAttEe-»^. __ 1 

HutiA. _ 4 

Whitfr-throBted capucMn,^^^, 1 
Hybrid green guenon X vfln'et 

___ I 

AmcrEcAii elk _ 1 

jApoBe^d^er - 1 

rigmy liJppopotAiaus._ 1 

Fliiiita praiiie dog.-.._ S 

FbUqw deor— __ 3 

White faJtQW deer, _ 3 

Agotid__^____ \ 

Puma,, _ ^_ 3 

Nubian 1 

Hippopotamufl---, --- I 

Oii6jaaeo-w------^r-.-.--- _ 1 

Virginia dect-— __ 2 

MoufloiL^^-.-- __ I 

Potto --- 1 

Yak. . 1 

Raccoon. _ _ _ 3 

Hybrid bear^^__^.*^ _ 3 


BfEDB 

Anew plati;rh^H^ho 9 ______ MBllard ducit^^_ 

CAmopij ____ __ Black awan^.... 

Fofioa amencono ____ Amencan ooot-- 

^ai/ut flp^__ ______ Fighting foirl__ 

(?dUu« ___ _ __ Red Jungle fowl. 

Povc crijlatnj, _ _ __Peafowl 


——— 4 S 

__ 6 

_4 

-- 12 

i 
7 

TWrfnr ri«oriui--- Ring^nocked dove__ IS 


AQhiwtrodon bUineaiuM ___ ----- Meidcan moccadln.- 

EpieraieM cendirU _ ___ Rainbow boa--.-.. 

fVatrix ep,.__ ___ Water anake.--._ 

Pine or fence lliard- 


17 

13 

3D 

e 


uoi-i^uaxa 

AcAafiW oMabno,_ - .. Glout land S 

The birth of the raiabow boas makes tbo third gencTation in the 
ZoQj their grandparents having been brought from British Guiana 
in 1931. 
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animals in the national zoological park, JUNE 30. 1947 

MAUliAU 


tumuriAiiiA 


„ OpoesiuD^.,^--* - ^ 


_ Nwttihtf 

SeUiUt/Um^mt 

Dlde1phJfdA«: 

DiddphiM firifiniano^ 

.-. . » 

. N..OillD«t««k«ofUoo-..- J 

. . . 


IN&ECTIt&RA 


Erlnfuseidae: 

BWn^uciu europaeni- 


Euiopeikn hedgehog- 


CAHKlTOHA 


Tetidu: t i I 

Ft?« ---- ^ 

Feti* eonaitvr - - ---™1V 1 

. UOD ... - ® 

rjitgusr-----*- ® 

"[Blipk 1 

. Ooctotd..----—” ® 

{ Indluti iiwpird-—^ 

BlA€k iTsdiao leop^-*-- ^ 

^ Goldcii cat-_- ^ 

^ Bengal tlgor---- 


Fdin 


F<Ki onai^ 


Ptlii pardalj*^ - ---- 

Fd\9 pardtfj--^- - 

Fdu temMtnciii -- 

FdiM lisri* hivipHU..^- .sll^ruiv.. . . . 3 


Eym or yai^ujirODdl--- 1- 

Bay lyiijf.^-—--^ 

GeoHroy's cat-—--^^ 

Lewr tiger ^ 


BlnturoTig. 

\frfcAD civot_,- 


F€li$ tiQTis tumniro^- -- 

^«rp4iiJurur ya^firCJidi -- 

Lynx -- 

Ojtcifdi* Qroffrii\n^-~^ --- 

OnciUa pardiiwidM- 

Vivcrrfdiw: 

vlrriidi# frinturor^? --- 

C^idifcrrila --- » 

PflrfldurwnK fcirjiwip^red^ut-,— ----- 
Hjaenldi^E 

Oociifa frqryia ^ntiPwiM-- —-- 

Caotdae: 

CanUdinifO - - ---^---- Covote_ 

Canii --Coyote Wdog hybrid 

Canu t^ran, .. wo«-* . 

5*«« *“P“* •‘•jWlM-- ..^ . . 1 

8«™.».8=. . ■ 


SmaJl-tDotiicd paJm ci ve t - ^ 3 

Ea5t AfricaJi spotted hycna^- _ 


I 


Plngo- 
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Cauidac—Coutlnucc) 

(Cerd^c^dn) ik^iU 

Nvc^ertuici proctforioid^^ _ 

UTocj/on 

___ 

ProcyonldiE; 

AToiud ___— 

Polos fioviu ___^- 

Pfctcyon 


namt 

, Smitb AmeiiCAti 
, TUweooo _ 

- Gray fos____ 

^ Kedfoi,.,^,_ _ _ 

, CoatSmuDdi-.... . 

_ Red 

. Ncleon^a coatimoiidt.__ 

_ Kit3kajou*^_-^___^,,_ 

Raccoon____ 

- Black raccoon^_ _ 

Raccoon (albino) _ _ 


Baasariacidao: 

Ba4<9amcu9 mtidujf ___ Bing-taU Of cacnmiatlo--- 

Muatelidae: 

GrisoTulUs ^Tfronos.^_ _ ____ Grifioii--- 

Ztxlra canodetim vago ____ Florida Ottor^^^^_ 

Itiiifa (Aficrtum^) cintrw^^ __ BmaU-cIawed 

Moiits {LamprogaU} fiaoifftda htnricii __ Ajiatic fnaKoo___ 

AfeZ«« _Ctijiioao badger-,,-,,_ 

MtUiPora -__ 

tiipra__ Skunk,,,,____ 

JI/u«Cela enrsm^nni _ _ ____ Fo!rrot______ 

MusUiaJrmiilo noodforuzemu ___Waf3^[_^.,___ 

To^rs Scrtrtj-a fcarliam.______ Whito taym___ 

Ta^nt bortofa ttfniiif_ _ ___ Gray-h&adcd tayra. ___ 

Qmtdaoi 

^yarcJcs ojncricaniu_ _ _ _ _Black __ 

__ __ __ Himalayan bear.^,^-,_ 

HcUirdot aiala^ranui.^____ Malay or iun bear. __ 

A/elur^M^ uftmiu______ Sloth bear____ 

TAo^Ore^pf Polar bear,,,___ 

T^ofarefof laardimut X Urrtu midden- 


dorji _ _ _ __ _ _ 

TVimorefoj ornofu#.. _ 

Uraua ap_ ____ 

Ureu* 

Ortu* meridiofialit 

Ureue 

Urtu$ middendorjfi — 
Vtwum eUktnMs _ _ 


Hybrid hmt^^ _ 

Spectacled bear,-*^_._ 
Alaska bnowo benr___,^ 
European brown bear„ 
Caucaaas brown bea?.., 
Aiaakan Ponlnaula t^ar. 

Kodiak bftar__^^ _ _ 

SEtkft brown bear,.,,-. 


1 

2 

10 

II 

... 0 

1 

1 

5 

e 

4 

1 

2 

I 

,, 1 
„ I 
.,, 1 
1 

„ 1 
.. 7 

.. 1 
1 

... 3 

1 

4 

- 1 
1 

.. 1 
__ a 

4 

„ I 
- 1 
-. 1 
._ I 
3 

„ 3 

„ 3 


firr^vMrEDiA 

Otariidact 

Zolcp^w Cflij/amtaniu__._^, Sea lion___ 3 

Phocidae: 

P^cm ffiiitdirtffl tiehm'dii __ , , ----Pacific ]:iartx>r aeal,___ _ . 2 


e^UltAtXB 

Lemuridac: 

Gotago Lawt I 

fiiinur mcnfci-—--- MoflgooM lamiir___ 2 
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^’tinbcT 


ilctflilljleriMBiff 


CToPi^^Pi namit 


SaimiilcUe: 

^atmiri —-- 

CebidAje; 

^olut t^iv%rgai^lt --- 

Attles fdUrGST^ -—- - 

Cebut apeila - - --- - 

C^hm eapuctnut-. — — -- 

{lebvj----—— 

La^^oUtrir £c£^04ncA(^. w.^ ^ ^^—^--- 
C^roopithecldioi 

Ctrcoctbui atemmui-,—. - -- 

C<r(i««Atff- 

Cferwfieiitrf tflrgiidJuf lujivlaiuM^ - - --- 

Ccrco^t(h«nf ftrtAwpt -- 

CtrcopUhncu* arf^xeps *a6<wua-- 

C^rcojiiih^i^ G^ihtapt lat^cu* X C* py^ 

flcr^iAruA. 

OpnC^pit^KUt «pftM^--- 

Cer^opiihau^ dianA — -— -- 

CfropMecirt (ftana rofin^flir-- 

Cerwpiffci™ rt4^iM4ia._-- 

CcrcojrttfiMM nTCitian* yrftauriffn^^---- 

Ctrcopit^^^ ftp- - --—--- 

Erj/tAroa&us jwiat.----— 

(r;fAin0|7v^d tnavrut ^^^~~—--- 

AfaMca irwi ttn?rcta_^---— -- 

Macoca loKflii*------ - - 

Afocaca ----- 

Afd£fit» Rtrrtertrina^ ----- 

jVowa phitippifmnii --- 

Afaecwa iiienJ------ 

iVaooea 

AfacaruJ --^--- ------- 

HjlobatldAQ; 

- 

|/|rfo^A X H- iar fikwiut. 

HplahsUv ------ 

kif ptteotuJ-. 

Sfy7nphal<inffu$ tyndacOflu* - --- 

PougidM: 

Fan fTOffrodiffs* «nii. 


Titi moakoy . . 

DottroueouU oif owl monkey ^ - 

Bpider monkey-- _ _ 

Gray capuchin.-..— 

Whlte-lhrontcd cnpucbln,---- 

Wccpin^ capnohb. - - 

Woolly monkey. - - - 

Blaok-crested mangnbey -- 

Sooty manpibey--^- - - 

SSTiUc-crowocd mangaboy - 

Vorvet -- 

Crecfi guonoo..,,-^^ -- 

Hybrid grceo gueaoB X veirvot 

^cpom^--- - 

Mouatached gueaoii,-^ 

Diana monkey -- - - 

Roloway monkey —— - 

Be BrAzra'si gnenon.-r,------ 

X^sser wbUo^noBed guenon^ — 
Wc#t African fuenotu.,^.---- 

Patu monkey-^- --—-— 

Moor monkoy - -- - — - -- -- 
Javan macfifiuo*- 

Chlncee maeafsuo, - 

Rhesiu monkey,^.- .. 

Pig-tailed monkey -- 

Fhilippina macaque.--- - 

WandofOO monkey —-- 

Toque of bonnet monkey^- 

Cratheatlng macaque^ - 

Sumatran gibbon---.------- 

Hybrid gfhbcm* —— 

HooIcKk gibbon^ -- 

BUck-capped gibboa,__^— --- 
Slaroang ^boo- - -. 

West African cbLmpiWu&«-.—- 


2 

b 

B 

2 

Z 

Z 

1 

1 

2 
1 
2 
8 

1 

2 

3 
1 

1 

2 
1 
1 
I 

e 

1 

13 

2 

4 
2 
I 
I 

1 

1 

1 

1 

1 

2 


KOtBNTIft 


Sciucidact 

CifcUv* 

Cynorxivi ftcdsnciaiivj-- 

Efucaiff^mn-- 

d/^ldticern|ri 

MarriiolQ monox--- 

ybmioJ --------- 

Heteromyidae: 

Bipodumpt -ordii-—-- 


Douglas ground squiircl^— 
Plains prairie dog^-—------- 

West African biwh aqufrreL^* 
Flying eqniireU^------------ 

Woodcbuck Of ground Itog,^-- 
F^teni chipmunk-^--— 

Ord kangaroo -------- 


3 

m 

3 
I 

4 
1 

3 
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fjln ■**! 

CricetidodS 

A/fUKnufuf iivrQtui _ _ — ^ 

P<rdi7i[;/u:u« Imcdpuj-.-__ 

A'^pi'dtii^^-. ^- 

MiiridAe: 

AfmoiMfl uns^uicl^lclua-^ - -—-- 

M t£«"fnu3^uluf- ___ - 

fidrK^'ciu--- 

HjstricSrifta: 

AcanjAwFl bfachyamm.^^^^- -- 

jliAcrwrwi a/riajntc*wr-^---.-—-- 

'T^etui^ crauupinit — 

Mjo&ftotorlslae: 

ciDjrpiaJ^,--- 

CaprDDi}!idao£ 

C^prcmi/i pi7orw?f#- - - 

Dd^yprocttdaje: 

D w^^'dcta pfymnplo-jjfta -, ^—- - — 

Dojviprofia pundaia _ 

ChiiiolillUdaa; 

CAtnrAi^a 

Irdz^'dxum - 

Cavjidu: 

Ctutta —--- 


CQWtiiLon naiikit Wvfm bcr 

_ Goideii bamiter-^.... __ 7 

- White-footed or deer moiiBe.. 7 

* Cottoti 1 

MonRCrlian gerbil.__ 1 

^ Whit* and other domeatic 

mice __ _ 13 

. Hooded laboratory rat.-- _ 11 

.. Malay porcwpJno-- 3 

* West Afrl^o bruab-tailcd par- 

cuphie^^--... 3 

_ THek'apinfld porcnpino-. _- 1 

^ Coypu^,^^__-^_-- - 5 

^ HutLa _ 5 

_ ARoud-- __ 1 

._ Speckled agouti.—^ - 3 

^ ChiochlUa.-.-^.^^^-^ . 4 

_ Feniviaci vlacacha —- - B 

_ GulBea- 3 

_ Patagouian cavy__^^_,^_^--_ 1 


Leporidae; 

Orvcfef^i^ tuntcrulua 


tAOOUoaPBA 

Dopiwtlc rabbit_ 


5 


AUTlOOAdTirLA 

Bovidac: 

4fTijno<raffuf irj^a, —--- — --- Aoudlld--. --- 17 

ilrras/er^ttaani--^^ __— — Mountain aftOft.—^ --- I 

Bibos ___ — -- .„,Gaur_^- -—-- 3 

fADfierfcan biaon13 


moTi &iwn...-.biMD ___ 1 

Bor __Zebu--— 4 

j&or fourui-____Domestic COW (Jetwy)_ 1 

Bosfonrm*_____ Weet Highland or Kylce cattle- 4 

Bet torui___-_-____ British Park cAttlo--__ 6 

Bu^ut bv&ofii.—--- Water buffalo— 2 

Capra t^^iKca..---_-__—-— Ibex-- —1 

Csphahphus maxmlUL- _ _ —Maswell'a duiker^,,---- ] 

CepMepAut nieer-—__ — Block dtjlkor--.__ I 

Cep^n^opA ut niffrifranM -- - - -_ _ __ Black-fronted duiker ^ 2 

B^riifnciijiir ...- Tahr— 5 

Oryx ______ _ Arabian 2 

Cpij ariiit____ Woollaas op Barlmdoa oteep-,- I 

Ont enrepaea. —-. — MouffOP- 4 

BaepAo^J ffruaaitffw^^---______ & 

pKudoft fia&anr-..----- Bbaral or blue alieep^^— 1 

Synarv^ -Alficaa buffolo----^---^^^^^- 2 

Tourefro^ cryx-^ - - J Elaod .. 2 
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CervldM; 

AxuatiM .—.AxledfiCT..,. 

Ctnv* eanadermi ---'—— Amctisan ells—, 

CeiTiiJ riajafctM-.-.*- ^ VIV. 

CfiTu* nippon -------- ^?*^*’**w ^ 

Cmma nippoM inoi«Auriewi„... 

Damn ^Sama^^ --——-fillow dee-Fw^- 

OdocoiUuM tnTffinianit$^^^ ----- VlrginSa dsor. -- 


Glra^daa: 

Girafffx CdflMlopfli'dolw — --—- 

Oirajfa - 

Camelliiiie: 

Cajnetit* 

rfrorriwiariii*--^ - — - — ---- 

LamQ plamo---,. --- 

£rai}U] (f^dptui fluflnicff*- ------- 

LcTiia ^0^- -— — 

Victij^na ricuffna- --— 

TayaesuidM: 

P«i«H aapTiWut^^, -- 

Pis^trvica froSj/ruiW,^- ---- 

PAaeoeAijeni* wttwpteu* asKaBi. . . 

StlM A€rof& - ---- 

HippopolaEJiidMS 

CA«r<jjwt* libiftmfrff--- 
|/<ppiipo(aifiu^ am^Mbiv*^^- - 


Kublan gtaffa^— 
Hotlcuiatad 

Bflcrtr^a - 

Slnglfl-h umpod carnal, « ^. 
Onma. , 

OiianaiOa^^----— 

Alpaca.^-.--——- 

-- 

Collared pccrarf-__ 

Bftbtrussa^--- 

East AJrlcan wori bog-. 
European wild boar-- 

Pigmy bippopotamua, ^ - 
Hippopotamus^ ^.— 


Fca iBfiObanrf 


b 

5 
4 

6 
2 

n 

IB 

__ s 

4 

I 

3 

_- 1 

1 

2 
1 

1 

2 

a 

2 

S 


Equidao; 

BqvuM huTchtUii dnii^uorum. „ —— 
£^titi« grrtfyt X cfl&iiWirt-— 

£^ui Ifionff - - - -- - -- 

EgllUf - - 

Efiitci pr»eirtiWr**—— --- 

£;^u« «tira,— -- 

Tmpiridae: 

Acrocudm ijwltca,,--------— 

Rhlnoc&rotidae; 


Chapmao^s Mbrt-_--- "* 

Zebm-bomo hybrid, ^- ^ 

AsiatSo wild MS or tifliig,——^ 1 

Onag^--- ^ 

Mougohan wild bow.-- ^ 

MouuUiii Mbra-- -- 1 

AaatSo tapir-.^- 3 

Gre-at Indian ona-horaEd fhh 
Mceroa— ^ - 1 


PBOBOficina® 


Elopbautidae: 

Elrphat mftximv$ tuim^nut. 
LoXOdmUi fl/riwiio oi^yoJis—. 


____Sumatran fifepliant. 

Alrican tdopbant,- 


1 

1 


Doflypodidan- 

dMi^bractuM piTIeWUt.-. 
Euphraciti^ KietiMittt— . 
Myrmecophagidas: 

M]frmiaypha^ ind^»€i]thi. 

7TT*as—*B-■ 


Hairy armaiillSo---^- 
Sii-banded armadillo 

Giniit anteater^--^^- 


I 

1 

I 
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BmOB 


aTRUmTOKl 


BeiimtijUii HAm# 

CuminOn naiiw 


StruthJoDidJie; 

iSindAto — _ _ _ __ 

___ Oatfich-... 

—_ 2 


BHBtFdnuBS 

____Conmioii 3 

CA^V'A ItllFOnKKBi 

Ca^arildA^: 

CuuortW cofiiariuf __ _ _ Am eassowAry_1 

Ouuanut occipAolic--- lalatid __ 1 

CaJLoriuj uniappfftdicufaluj unmppemfi- 

______ ODe-wottled casBowary,,_ _ L 

l>»m[ceJSdajc; 

Z)rdJTiicww5 !iflia<AoZi<iJut£o«__ Cdnuuon emu_ _ _ 2 


HheJdae: 

Bhfa aiiieriaafus^^-^_ 


BPRe^(]fiCJronuJ9 

Sphccificidac: 

foTstm. ___Emperor peogttiii^___ _^^ I 

Eud^ple$ chrTiiohphtu.^^-^^^^^^ ___Macaroni pengiiiii _ ____ 11 

Eudypt€t crittaluM Rock-topper peDi^ulii___ 2 


TINAHIPDIIMEB 

Tlnanildae: 

___Spotted tJoamou,,,__ 

PKl^C ANTP pKMEe 

Pclecanidae: 

PdceanuM Caltfoniia brown pelican_ 

Pfffwnuj eryt^rorAyticAu®_____ WtiIt pet'call_____ 

PfZecanuj emdcTT/ofti_____BrOfro peUcaii^*-^___ 

Pffecflflut ____RDse-Ddlored pelican^..__ 

PhjdacrDcoracfdae; 

PhfUQtrocorax a^tiluM ^hccHiaiui _^_Farallon connoraot--._ 


2 


2 

a 

a 

4 

1 


CIOONTirORMI^ 


ArdcidAo: 

Ard^a Acrodiac...--^--. ___ 

Ardta occiden/oTit-^-^ _...__.... 

Efffftta ____ 

Hydranaua tri^or rujti!»Ww,____._^___ 

Notopk&yx niMweA^WaadiM__ 

^^qndAid tioloead 

Nydkorax nydkmxi namvt __ __ 

Cochlearlldfte: 

C^A/roniiu wAJleanut....__ 


Great blue heron., _ _ 2 

Great white heron, , __ ] 

Snowy egrets ___ & 

LouMana heron.... 1 

White-faced heron_1 

Botith Amcrleaii yellow* 

crowned night heron..._ I 

Black-crowned night heron ... 30 


BoatbOl heron 
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CEconiidoe; 

/>iuaura vpUc&pitM --- 

/&ii --— 

Jabiru mjrrterKi,^^-- 

cmnbmiftrm - 

Lc^op4f(t£f dii&pu#,---- 

Z.«7)^op<l<vJ -- 

UTntrkana —-- 

ThneskiornithidM: 

Ajaki ajajti _ —-—- 

Gtiora flJ&a--—---— 

Cxuara e/nbu X Cf. ruftfii--—■--- 

fruara nibra,---— 

Tlireaifciomii mdamcephala,-. 

Tkr€$kii>rni* - 

PhoftnieoptcridM!: 

PAi>efiiw>ptfrw fiftiVtfFWi*— ----r 
Phiymicoptfriu - 




I^^mber 


W*oDy-ceck*d storks., * - — 1 

Malay aiork_-__--—------- ^ 

Jabmi-,—----- 3 

Marabou^--.— 1 

Indian adjutjuit_—-- ^ 

acJJutaiit-- 2 

WflodItrfB__ I 

Roseate BpooEibllL--— 4 

Wbltfl 8 

Hybrid whiU and BflWrlet fbia_ 1 

, Scarlet iblfl—-- ^ 

. Black-iieadisd ^ 

. StraW'fiflclcEd ibifl-—-- ^ 

. Quleem flaTningO-^--—---— ^ 

. Ctiban fiaminEO-- 1 


ANSEEirCBMEB 


Aniiiiiiidae: 

Chauna dmKStfn—^ -—--- 

Chaufu fffrguoto-™- 

Anaildae: 

Aif tpcTM ----- 

^PiOi baAorwaii*-- -— 

Ana9 rfoPTwaiirO--^—-- - -- 

AnoM domttlicti X A. pfaMv^Aynciio*- — 

AnoA ptalyrhvnth^f --- ----- 

Ainx* -- 

a!tbi/TffnM^ ------- 

jifwrf ci'nereuJ --- 

Anjdrarttta wTHipifflniato-^-*---------- 

Rraff^a pawodffaM-— 

^rofi/a curtadtfiaii 

Branta ainadmw X Chvrt ca€fi^ki€€m. 


Brania AutcAiJWl^-^--- 

ZJraala AnicAinrii minima..-,,^-- 

CaiVifid mwcAato-------- 

Ctr$Qp9it iioflBikftUandkPtf- - - -- 

CibffFt adantim __ —-——-- 

CAen pMrule»cn«-- 

CKtnopit atrain,^---- 

CA!«pAaffa ifii«>pf*ra,_--- 

Co*cffrp6a w^corobo------ 

Cv^op«> eirjrwrtdf^----- 

C^^ntu _ _ * _ ^ ^ - - - - - - 

mfiondPKipbtU- 

ofo^---—----- 

DajSJd ocuia—— 


^ WbiteH5b«ked screaraer^_^-__ 

^ Cfeated acreamer,^-^—- 

_ Wood duck----— 

* Babatna piataD_.-- 

_ Fekm --- 

Pekin duck X tnuUard duck 

hybrid-^---- 

._ Mallard duck--— 

._ Bbwk duck,.-.------------- 

Aioorican white-fronted gooac- 

._ Toulouse gooM—-- 

_ Auatndiao pied gooflo. 

_ Canada goow-,,■------—— 

_ White-cheeked goofe-— ------ 

Hybrid Canada gow X blue 

gOOM----^---- - - 

_ Hutoliln'* gWMe--.-- - - 

_ CackUnggOOW-- 

Mufloovy duck_-^--- 

Capo Barreu goose-.„---^--- 

3uow goose.--.,--- ------ 

,, Blue goose----- 

BtaekawoP- 

__ Magellan goose - - - 

Cc«ooroba__--.-—---—-— 

Domestic ROOM------ 

Whladlng awau— —-— 

Blflck-necked i wBjj--— 

1_ Muteiuau--.—----- 

Pintail——-——- 


I 

7 

S 

m 

I 

57 

B 

1 

2 
2 

20 

24 

2 

1 
0 

12 

1 

4 

3 

12 

1 

2 

1 

2 
1 
2 
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Auatldiufr—Continued 

Dafila _ 

artor«J__w 
Btndfor^Ona viduaiu _ 

Mor^oa onwn'cflna _ _ ^ ^ ^ 

Marila affini$ _ 

Marita coUarir^^_ _ 

M^tapiana 

NeUian tdfctirim^a-. _^ 

jYe« wrt/Of TJioKi fit., , , _ _ 

JV'i/roco Bp--^__— 

Yi^fa nfitirirfta_ 

Philade canagica _^ - 

Ou^i^tcfduia diaoof^._ 


Cd^hhii 

_ ChiteAD pintaiL,^^ _ _ _ X 

^ BlAck4jLlJed tree duck.^_^__^_ S 

^ Wbito-faced tr« duck„-- 2 

„ MnndArin duck,,,.4 

^ Bflidpate_^_^____-----_ 1 

« Lesser acmiip^^ __ _ 1 

_ Ring-Decked duck-S 

. Rosy-btlled [Hsucliard___^^,_^ 3 

_ Groen-winged teal_^- 2 

. Baikal teal__ 3 

. Hybrid duck— 1 

_ C&n.vuback duck—_ __ 1 

. Emperor gaosa...^ _ _ _ 2 

_ Blue-winged teal-,__ 2 


FALCONirOnuEB 


Cntbartidae: 

CotAartfi avro.^ _ __--. 

Cotaevp* oiraiittf - . 

^fccfampAuj pcpo _ _ 

Vvi^ur ^pTiui-_ __ 

BaffittariidAo: 

tffrpfffdarsus.-^----. 

Acclpitrldu: 

Acfipii^ sJrirdii# 

Biifeo _ _ 

Buito Hn€alu$ dtffant^ - - 

jBtdlcc Iineafifi liftieafui. -- 

BvIao tttrffliwi^uciia. - - 

JJxf^eo - - 

jBufen pcflfitloc^fOJM,,, - - 

tmattuont---- 

O^fpcKirrax cn^o^fUJiii -- 

fiiltnit - - - - 

G]^pd rucppisfli --- --- - 

/«uenc0phait^,,^- 

HaliaMlur irteJut- -- - 

Harpia harpya ^-^— -- 

Milrago chtfnanj^c--,,^-^ - 

MUmit atigrarit paroaiiui, — -- 
Pandion haltattvM caro^in^u. 
Poro^Eifeo unicinefiu-- 

Sarcogyp* Da^ptiJ.^_. — - - 

^pinqftur BIclatlcJrliFtJ*,--- - 

Tor got tmchtliotuM - - 

Faloonidiio; 

Dopfriut omeriennus- - _ _ 

FalcQ _ 

Palea pEr^Qrinut ana£ufn__---- 

Pak^ fpOfBifiui. - —.,,- 

Faha tparptrita inlera^iuM^- . 
Palj/Wui pkintue _ _ __... 


_ Turkey Yidturs-. ___ 

. Black vulture. .... 

^ King vulture,..,- .... 

_ Aodaiii condor__ 

_ Secretary bird--.--,__ 

. 8har|j-shiiiiied hawk-, 

_ Hcd-toilcel liawk,,,,,--- - - 

- Southern red'sh culdcred hawk- 

_ Rod-Bhouldcred liBwk_^___ 

_ South Amerjean busiord caglc- 
. Broad-winged hawk..._ _ _ 

- Hed-backed bursatd _ 

- Swainsou's hawk-___ 

_ Fish-eating vulture^, 

. Griffon vulture.,,.. ___ 

- Uuppcll^o vuUurc— __ 

- Bald eagls_ ___ _ 

^ Bratimlny kite_ _ _ _ __ 

_ Harpy eagle____ 

. Chipaango.._._.._ ... 

_ Africftii yellow-billed kite^_--- 

- Osprey Or fish hawk—__ 

_ One-banded hnwk, 

, Indian Pondlchciry vulture_ 

.. Black and white hawk eagle 

- African eared vulture-__- 

- Red-iliraitcd caianafA..,_ 

, Frairffr falcon.- _ __ 

. Duck hawk------- .-_ 

- Sparrow hawk,.H._ __ 

South Amcfioan sparrow hawk- 

. South Au^erif^n earaoira-- 


1 

3 

2 

1 

2 

1 

S 

1 

3 

2 

1 

2 

1 

i 

1 

2 
5 
h 
2 
3 
2 
I 
1 
] 
I 
1 

3 

] 

II 

1 

1 
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Cittcidcie': 

Crax faieUyhia^ — ---- 

Crn* ni^?ra --- - 

MitH miJii---. - 

Fhaajjuiidaft: 

^r^uficnui 

ipal^ifAii - - 

3>irfw<_ - 

Cbfmu4 cr«I(iitiJ-- - 

Crtato'piilon aur^um - - - , 
<7ai^ui ep. 

Gailufl -- 

OoHua 

(xflJJiu ap - 

(7aJ^ui 

(idfufl galiux hybrid - 

lafftu^ii - - 

(jflliiir - 

Gfnn0^* aihomtialm^^ 
Gtnna$m Ifwf^mskirtui - . 
ijfniuietf* nyciAfTttfruf--. 

tvinhmi^^^ 

Loph^phorui 

Pnrd frtffJa^ui —-- 

Piiafianui — - 

Mpolwmt- 

NtlDifdldA«: 

j^eri^WtUTH iuJlurintJFn,-. 

Nuwtida 

Meleagrididiw: 

Aip^harix - 

MdvA^ QnUopa^ - 

Mfl^grU gcB^pwQ var- 


aaLLiroauEs 

Ca«|M4nfl^nv 3fiii»aar 

___Created 3 

_ _ pftnamft euraasow—1 

_ _RAaor-bilied <JiJra53iiw„,----- 2 

__Argui phi^AaBilt^ - -- 2 

__ _ Cheer pheflsAnfc-*^ - - i 

_ _ _ Lady Anihetfet'i pbeaBaot--*- I 

_ _ _ Golden pheaaftnt,. — 4 

_ _ Created 1 

__ _ Blui^earml pbcaaaiit^-- I 

__Bnntftto ohickeii-,^---^-- 4 

Game fowl— - -—- & 

Orient^ sflliy ^ 

^ Fighting fowl------ "--™— ® 

__ I^nfi-ialled fowL-_-^,- -- I 

. . . Red jtinglo - D 

_ _ Hybrid red jnngje fowl X 

bantam 4 

^ ^ Cbyloness Jutigle fowl- -- - - - - i 

_ _ Gray Jungle fowl- . —I 

White-Prefftfd knlficge-2 

_ _ _ Nepal 2 

_ _ _ Silver pheosant-,,—-- ^ 

_Swinhoe^s pheawit_-__w^^--- 2 

_ __ EiinalJiyan itnpeyan pheasants 1 

__ _ _ PeafewL, - - ^ 

_ RiDE-nMlicd pheMant__—^ 

Palairan peaeoeV pheasant--^ 1 

Reev'o^a phtaBatit--,^.,*--—--- 2 


Vulturine Rulnea fowl^1 
Guinua fowlww---.—2 


_ Otsellated turkey,---- 4 

, Wtldiujkeyr—--—^ 

^ Heisistie turkey—-- S 


oaxitrostuxa 


GnildaD: 

Anl^^poidu wirffO - - — ---- 

parenina— 
rfflttioruM gil&berictfjw 

Gnia IffHcaiuT^n--^ — - - 

Grvi l^cofftranvs - - 

pflophlidae: 

/Vepj^ia — - 


DetnolaeUe erano-^^--—- 

West Afriean crowned crauB*- 
Eiat HATrlcan crowned crane.- 

WMie-naped crano-- — 

Siberian crone,...--- 

WhJte-backed trumpeter...^-- 


2 

1 

\ 

3 


RaUtdae: 

AiruiurcmiM ph>tnicuTv$ - 

enjandO- ---- 

Fulica cinim'cflnO-.^*----- 
GaMinuJa cWoropui aurftiHMM, 
ffpUinuta eWtu-opit* orimialU^. 
Forphj/rv) pelioixpttaliu - 


Wlitto-brenstcd r»W^^- 

Wood r*fl---- 

AmfficftO cool.,,-^- 

Floiidft gallinule.^-.— 

Suniftlrftli gilllnula--— 

Gr»7-hiDadod porphyrio„,— 
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n^m9 CawHuit nams Number 

Cari&mjdMt 

Conanwj crisJa^a.--_____*_Cftriaimt or 7 


Btirhinld#^: 

H&ezo Ktopodidjid: 

Haetnalopui csirai^QHM^ 

B^wpi^uE chil^nmt, 
Laridfte: 

Laru« sr0vn4a(if4__ 

Ldrut dtlavarmns _ 

LaruM dotnintcaniu^^,- 
ht^ruE nwtchoilafuiia^ . 
GlftT«o]idAe: 


CHJlBADIUlFOtaiEA 

___ ScKith Ami^rlcfm thJck-kDf^e__ 

European oj«ter ciitclier.^._^_ 

___ Chne&n lap wing-__ 

____Herring gun______ 

--^- ^ Riug-hiUcd gun___ 

____ Kolp gull... 

--- Sliver gull___ 

__ ColJared pratiiseoJo_^^_,,^^_ 


2 

1 

2 

2 

t 

2 

7 

1 


caix'UBiroftjjEfl 


Columbldae: 

CplumAa lieia 

Duc^Uq - --- 

^a/ficolum6o _ __ 

luroncca X TitHur ruonut^,, 

(7«(>pir^id ____ 

<7cniroE _____ 

rufoxitia ______ 

AfuiradiWri pau/tna-... ___ _ 

ope/itz cAiiifaiti_____ 

Strtpiftptli/i cAincnm 

SirepioptUa tiran gtic6unca____ __ _ _ 

Tuftur rttartiu__ _ 

^rncLiiid aurieulaia^^^-^ ____ 


Domestic pigeon. , __ « 

Green imperfnl pig60ii.__.___ 

Bleeding-heart tlova-^__ 

Bleeding-heart dore X ring- 

iieeked dove hybrid,__ 

Djaniorid dove____ 

Victoria crowned pigeon__ 

Scaled pigeon, __ 

Celablon Imperial pigeon___ 

Asiatic conared dove_„,__ 

Loce-iietked or aeh dove_ 

Blue-hooded ring dove.^_ 

Hing-neoked dove^,__ 

South America mourning dove. 


12 

1 

1 

2 

1 

1 

I 

1 

2 
1 

35 

S 


FB XTTACIFORIIES 


rBiltacidae: 

Aflopwfiit li/ianae, ___ 

Amatona arsitiB,, 

Amat&im AMmpCtdiOfq__ 

AmaEtfJiQ ochronph^Ia __ 

eroirtr^^^__ 

j^nodcrAyFicAm A^artnlAfnnj— 

j4m ararauna __ 

Am 

Aratin^a euepj,,,___ 

Aroltn^a periiitax __ 

CidgplorA^ncAIIj fnq^raiTicne... 

CpracopniM nigra ____ 

C^anapntlactLE 

Ducorpvi^ wngujMWj,,,-,^,,. 
Ed€ctuE 

Bolophuf tQvticapiltua^ __ 

Kai^oiM al&a____ 


Peach-facod love bird __ 

._ Bluc-rmnted parrot^^^,., _ 

._ Yellow-naped parrot __ 

, Yellow-beaded: parrot_ __ 

Double yellow-headed parrot,. 

_ HyAcinthiue macaw _ _ 

Yellow and blue rnftcaw^,,_,_ 
Red, blue, and yellow macaw __ 

- Cuban conure ____ 

Gray-headed csonuro __ 

, Bonkalan cockatoo _ _ 

_ Ijesser Vasa parrot^..^_ 

- Spix'e macaw,.______ 

_ Bara-eyed cockatoo,,.,,_ _ 

^ Ecleclus parrot,,, _ _ _ . 

_ fioaeate cockatoo.,,____ 

« White co^too,__«_ 


2 

i 


fi 

1 

2 

1 

1 

I 

I 

1 

1 

2 
1 
1 
2 


rt « 
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SdniiJtJf tmmB 
PBittacldac — Cotitliiinsd 
ducra^-- - 

KahaiM 

Kokotov 

Kahitoe 

KchaiM rtfij?Aur«i^_,_- 
LoHut 

Lorim parmTui- - 

Af^opti/fa fnon4uAv4_^. 

NuioT iMiafciVii,- 

^^pAicuv AoJIflfidwrui^ 
xanikiymma^^- 
Pff^ro^la «wpaina * _ _ , ^ 

Pnttct^a krameri - 

Piiftonda ^anj^'j^iida . «. 

CmmllclAo^ 

Eudywiirtw Korfljwceu^- 


Tytoaidjo: 

Tyto profiticoia--- 
StngidMl 

Fir^maniii,^— 

Kdupa i^upa - 

Nyclea - 

CWuA asiff- - 

Strix Kin'a pflWa-— 


VunBer 


___ Solomon laland* CMkitoo*— 

Large fiiilphuMmtod cocEtllr- 
--- 

_Leadbefttar'a eocltfttrOO,^-- 

____Great red-created eockaloD..-- 

__ Lcaaer aulplmr-crested cocka^ 

too—-- 

Rajtkb lory„-_-^- 

.. Red - 

__ Grn^ paroquet- 

__ Quakor paroquets.- 

____--- 

__CookatlflL---- 

AmMOnJaa eaiqufr-^*--- 

__Rfid-BboulclHred partMiiKU--*. 

_ ^_ Kraroer^s paroquet- -- -- - 

.. Long-t^ed paroquet-^. 

cucuuroauaB 

__.. 

BTaiairdUca 

__ Bam owL,,----w_^^-.. 


Great feomed owL ,^ 

Malay fisb owl^-w-- -- 1 

Snowy owL,--- - - - - ^ 

Screech owL^_. 

Barred ow],.« 


2 

a 

1 

1 

2 

I 

34 

1 
1 

2 


Trogonldae: 

PAorowtccArtu jTiotfino 


Aloedmidae: 

Dac^o ----------- 

llalcym mnclu*^^ -- 

Coraciidae: 

AnthracoctrM corono^in— 
Tmrftvi hir^tirit^ — 
MomotJdae: 

A/amotu^ ^—--- 


xaoGOiXiroBMBa 

_Quetaal-.,^--^—- 

COItiLCtirOHltE& 

_ __ Koohabiitta-^-- 

____Sacred klngifiahcr 

____ Pied hoinhtB-,*- 

____Gray hortiblli— 

Motniot—,-—- 


pterfOSUEe 


HamphaetidBo: 

Au/ocorAyncAM Eukaittf cuibidu*..,-- 

P^ro^lo^mt - 

PUrt>fflo4tiiM .—- 

i^ompAovtoi caHiwtu—---- 

Rampha$tM piJCitvrirt*^_—- 


Groove-billed toucanet-,,,--- 

Blacfc-occked aracari.- 

Aracari toucan-,,—-- 

Sulphur-breasted toucan,^—-- 

Toco toucan----- 


I 


1 

2 

1 

2 

1 


M h3 « ffl 
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SiAtM ttflc lidita# 

ColinB3d«: 

rtipt«ra-„-- 

PiUidaa: 

moIuiCCTiw ^ ~ ^ 

Corviiiw: 

Ciuc7 f^i'nen^*-- - 

-- 

a^Eruf — - -—-. 

C^rtuA - 

Corirw* p*rtEC p^iT^cipfl^^V_- 

Comu - 

CoTVUM crypfAlfftirtH - - 

Corirtit -- -- — — 

C^anod'l^a cn«^<i^a_ _ - - -- 

CVanp^^m cAryiapS— 
CVan^pIca — 

DmdToritta traga butu^a — -- 

(rarruJut ian£eoJatu*__^^------ 

OyirtnarWna 

Pie& ptisa hu^kemtaa-— 

UrMKH cotfruleo- - 

C7raaj<a pcciptYa^u..,^ — 
Fiu-Adld«idaa: 

A cTfl36fVasJ rw^ —. ^ ^ ^ - 

Piifen^rfc^fwAtti pio^flceu* — -- 
Tlumliidoc: 

Cw^^lax 

(rorrulax Wwiof— - — 
{^amJcuc p£c(47raJM picfttt^t^t- - 


C^inMOn ifam^ Kvmbcr 

_ Cock'OWho-rMk---.^. - 2 

_ Molucca ------ 2 

^ Mexican I 

_ CbineM clBaiL - -- 2 

_ Ywcfttan blue 4 

, White-bneMted cxow^^- 3 

_ American crtjw_- __ — 3 

_ Northam raTen-- .. 2 

Hooded 1 

Wbite'liocked raven 1 

_ IndJoti CTOW- - - - 2 

Blue j&y^ _ _ _ 2 

._ UrrorCft — 1 

_ A^um-wingcd 1 

.. Rufns tree pb— 2 

._ Black-throated jay-^_ _ 1 

_ Whitc-bocked piping erow__,, 1 

AfnericAD 3 

.. Formoaaii jed-bUled 3 

._ Bed-biJled blue magpie.-..,-^ I 

Auatmllan catbird _ __ I 

Satin bowerbird-.,^- I 

._ Afilatic laughing tbruah^_ 2 


White-bezLdcd laughing thruEh- 
ChicLeso ecllared laughing 
tbnifib.-_ _ ___ 


Pycnonotidae: 

PlfCTWTwiwi ----- yellow-vcntcd bulbul^,. J 

Miniidac: 

A/ihiiMiu corrutiiceni-—-^ - Blue caLtbIifd---w.-.---.-^w». 1 

MimiM Weatern mockingbird... 1 

Turdidao; 

Fiotycicfifn JlflirtpM.--,.,-___YcHow-footcd thrush,- I 

Turdus ____ Bonepane's tbniih___-1 

TVrdua ttiijrojfon'aa,. _ Kaatern robin-..-..--2 

Thfprfy# rtj/tftfnfrii—Argentine robin—.. 1 

Stumidflc; 

GaUffptor wlpadom—— —.Cffiitod starling, -- I 

(?nfltjura rtlifliwa,. — —... Hill mynah--- 1 

(7rflciilipi«i mfl/afiopt^fo-—----— -— White starling-.— 1 

PMiorreteiJj.——.-.Rosy pastor.. 1 

^tw^i'a flidlaharico----- —PE^kI mynah-- —-—- 2 

Sfnrnui rnllffnruj__.StftrliDg-.... —I 
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PloceSd&c: 

cijJaiafw- - — - — 

ffiaJCiftflrtfa-- 

AidemMyne mwfeflfa- 

^litf^eran lu onctui—. . 

Amsdina fasciAta^ — -- 

^nuIndfac^a 

Caj^eVTio picfa--w--- 

Diai rapura procTw.^- - - ^ - - 

£!c£riUa ffP- , _ _ ^ ^ - - -- -- -- -- 

Eririfda dnprea— - --— - 

EupErdeA /rfliWcnTia— --- —- 

ff}f^ochfra tdtriSfrtan'Tift-^---- 

Lajr^naiCicfji Msntg^Ua.--^ - 

Lanc/^ura 

Munia fliojft-------- 

^funiQ fttoJacca--------^ - --- 

Jlfiinifl OT^ii^ora -^— — - - 

Afvtiio puftfEula^a.--- 

Neop^tfphiU^ peffanolo-----^ - 

Ploce^t* 

plfiMy# iniCTFnriliu*-- 

Fkfceu* Mina* — - - ^ —- 

F4>«pAt^o acu^tcatuia..— -- 

PwpAila j^ouEJiatf- - -- 

Centra gudffl-— ’ 
fluilcp 

Sparo^puJ^u-* iwrfapodui- --^--- 
^fe^nurci pcj-prfiwa— 

£(u:^opd<f P bichtrwini 
Tpcriiopypp Hij(£j;itoJil- _ - --^-r - 

Urstffiitlhui bcn^luw - ^ 

tcteridii^: 

A^flaiJi* aMsimilU — ^-_^----- 
^wiblyrAflwipKui 

lei^rui 6ii!toeW-^ -- 

fi^0iicpmr curaefiii----------- 

TVuptnhi dcfilippi^- - 

XPi^ac?p^-Zui Mfiiftpwp^wiiis*^ 
Thfflupidfle: 

liampfuKiluM carfrp— -—- -- 

dimidiaiii<-r—-- 

PaTHp^cvIu* jlomrtiffirUJ,- 

/fcjnpftacflM yauerini - - 

Tp^offTP dartrinir---------’ 

ThrauptM tfana.— ^ -— ^- - 






TafFjiy wujcbUJ-- --- - ^ 

IndiAn fiHver-blH^ 
Fluni'hoftcl fincb---^^------- 2 

F&fBOEL Euclid.--- ^ 

Cat-tbroAt wtavef flncb^^-—- 17 

Strawberry finch.- — -3 

Painted fioeh-^^--- 1 

. Glwjt whydah,----^-——- ^ 

. Ked-BMd wMblll---—-- 3 

Commoii waxbfll--,-—-* 

. Btfllinp weaver.---,— ----- B 

CDTnbjuou or Indigo bird.---- 3 

. African fire flnct--- ^ 

. BengfljM finch-------------- 3 

, Wliite-headcd munln..-^- 2 

. BSack-lhroatod tnnnui-- ^ 

_ Java spnitow--.^--—^ 3 

_ Bpico finclu-^----- 3 

„ MsBknd finch,--- 2 

_ Bayft wniiTer-—-- ^ 

_ Blnck^beeked wcaver^-- 3 

_ Vitcltiuo KMJted weaver,,---- 7 

« Lons-tidled finch,—-- ^ 

, OouldEan finch----- ^ 

^ Eed-bined weavef,,- — ^ 

. SouthcTO masked a'eavcr 

finch--— 2 

^ Orangfrcheeked waybill. - -fiB 

Paradise whydah--,---- 

Dipchonav'a finch.---------- ^ 

_ Zebra finch .^ 

Cordon blue finch.---- 


Gfi 


Cuban led-wingcd bteekbird-, 
Scarlct-headcd blackbird^^*-, 

Giant nriotc—--- 

Bullock's tiouplnl----,, 

Chilean blackbird-- 

Military etarUns--- ------- 

YeUaw-hcaded bhickbltd,- 


Silver-beaked lanagor, - + 

Crinwno tanaffer..-- 3 


Yellow tanAger,,^..-. 
pmwgrini tanager. 


, Blun tanager—-- 


Darwift*ft tannger^-^ r-— -- 3 
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lira me C^mRi4lii no'fM 

FriiagHUda^: 

Ccar^K^crut __ __ Mexican ho-iM Hndi- __ i 

C^n 4 »owi/*a<i __ Argentine blue gToetH^ak^..> 2 

DiuGa Diuca 14 

Junfo ____ _ Slate-colnred junco^^, - 1 

£.0pAoipin^ut ____ Blick^criiattd flncb__— 2 

AfrlidTi'j/rrrAji Cuban bullHuch.^-r 2 

Afdflipi^a _ _ Song ?pAJtow. __ I 

Poroaria cucuifota - - - - w - *. ^ ^ __ Bmzilian cardin&l^^ 1 

Poroarta ffiikinff __ —-- Black-ear^d cardinnl^.^.*^-*^ 3 

PaM^iila iUaai-^^ ____ _ Fox fiparrow^--^-^*^-- - ] 

l^iftfifin ajJMwnii--^ ____ _ _ LaauU bunting-. - ] 

PpK^TftMi _ Indigo buntings- 2 

PasKrima Loclaiicbor'fl hunting .. , 2 

PoM^etina-vrrMimhr _ _ _ — Bine bunting.--- —-- 2 

P^ucfiruj auremf^rit--^^__— Black and yellow grosbeak: - 2 

PAr^gi7uj olaudifiol-.- __ Chil-eau lark finch- 1 

PArygflVuj/niltMii-—^ ____ Moumlng finch-- 4 

PftrygiW gatn,— .... Gay> gray-Lcaded findi-.,-- I 

PoGtpita ioTtjiuita __ ____ Rjnged warbling finch __ 2 

Itichmcndtna n^rdinalit _ Cardinal.3 

5ari»u« oanoritfa --- - -— Cftrtsty —--- - - —— 4 

^ 4 rinua cafion'wX Ccirdu4tii mcxtcnaa,.. Cftnftry X idskin hybrid.-.^_- 2 

^ctriniU icterhri-—— ... 

StcalU ^ ^ —-- 

Si&alU ___ _— — Saffron finch —--— 3 

Spinm uropy^alU.. ___ __ Chilean BiskJn_^. —-_^- 1 

^jMfopAiiOi atlnia.^^---Hick's need-sitcr..- I 

Spuropftifa __ _ YeHow-bllled seod-cater - 2 

SjttFfGphila mthXAiti^phala..^^^^^ __ Black-headed wodMjfttop _ _ 2 

Tuxrit^ivacm _ -.. Mexican graaaqalt „.—— — — 5 

VeWiii^ jownni __ _ _ BlueJalack graesqult. - - 1 

ZoTwirichia £iatwffj4------- ------------ ^^Tlitft-thfOftt^Kl 4 

Zcnoln'cAia uipcen> _ _— -Chlngola.-^ .. — _. V 


Green singing finch __ _ 3 

MyEtnfinnfa..^_._,.,. 3 


HZPTILES 


LoatcaTA 

CrocodyUdae: 

4lligcitor --- - Alligator— — __23 

_Chinese alligator... 3 

Ca^™n ____ Broad-enoutod caiman__ 1 

Cdiffianicierop*____ Spoetaoled caiman.. 3 

O'O'tfodi/lut cotop^dcius---_Nartow-nosed omcodile-- . ... 1 

CVcoodvfui mlottcuf____ Alriean crocodile---.-^—2 

£>occ>d^Iui polujlnj___ ^'Toad" crocodile--- 2 

Ooc^id^Eus _ __ Salt-water croondile___ 1 

CVoc«i#lM __ Cuban oocodSle- 1 

OiteotnmtiM ..- Broad-noaed crocodile--.----- 3 
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Settnti^tO fta«i€ 

l^uufdAe: 

--—.—-- 

6n(irtVo*lr««------ 

PArcwTiiitufn - ---- - ^ 

5«iafiori« — 

AnguidfrO: 

OpAuaurbu 

CaEss^iu ieiffrari--- 

Ag&iDJcla«; 

UtomoilU ofajitAiniirii#-—--- 

Qelodcrmaiidfli^- 

nd&d^ma ^omrfuin--- 

Hdoderma sjupAcfum-,-,^^... 

Tetid^je: 

rupifiairtfetJ yiipfi^uficfattu^-*- 

ScLacidae; 

EumeceM /a«wtiW,^- -— --—-- 

TiEt^ibui rnncoid^.^--- - 

YAmaidfle: 

V'WantHi SflBwdtffffiw—--—-- 

VflT^ntM fFsaflstor-—-- 

Yikranuj imiiHiiar——---- 

ZonurfdAo: 

^^auiTui ---- 


Cr^finptdR BO^iiS Jf Nitih'T 

BABltisIc_ ___ 

KoftJieni horned limed_ - I 

Horned — --- ® 

Pina or fence UsakI-^ —.--^— 6 


liiaid or glam ^'boaIco”- ^ 

SB^A'eelniik---—- ^ 

North AfriOACL iptn^-tAfled 


MexirAo beaded Umrd- - - ^ 

Gila tnooeter.-- -- 5 

BIacIe iegu-—- - ^ 


Biue^tBiled ekint- - - - - ^ 

BliiD-toneUiKi limrd----- - ^ 

Komodo dJAgoD^_ --- -— 1 

Indian monltoT^^— --- t~i^^---- ^ 

fl iiiYifl traji naopltior __ >3 

Afrioan epiny li*ard_—2 


BftBPmnres 


Boldae; 

ConitrvUor coiw^rtctor-.--- — --- — -- 

Canitridof imptraior^ - - - 

EpicraU* etnehni - -- - 

Epkratu erauuj.-.^- 

E^'cr-afee - -- 

EvntfcfA* mArtntif- - - - - - - * - - ’ 

Pt(A(in nwrfuriu--—— - 

P^fAcm fAfjwe.-*----- - 

Colubridae: 

Botpo WfliidinflT-------- — * -*“■ 

Diadophit puncJoftii-.—^- 

/>taadoa femKorinflium^.-- 

Elaphv (?tiRalo------------ - -- — - — - 

Elaphe cbtoleia. - ^ --- 

Eiaphe ^uodrmfiAfo--*—--- —,- -.- 
Lampr<Tp€llU frianffuJum trian^tim.. 

- -—- - - 

ATatruc pt*fofw - -- - 

iVdinx etpedofi- 

OpktJidTyt - - 


Bott oongtrictor,-.--^ - 

C«ntn1 American bo4-.-^---- 

Koinbow boft_ _ 

SAlamAnta __—---- 

BAitlon boa _ _ — 

Anaeonda__— ^ 

Tndlui rock python- - 

Ball python- - - - — 

Brown tree aiiake__^ -- 

Kitig-Decked anake- 

Akamatah-- -- 

Com inake-.--,— - ---- 

PUot anakc-^- - 

Ghlcben anale«^-«^ - 

Milk snake or spotted adder— 

Watef ■aako-- - * .. 

Water snake- . 

Banded water snake- - - 

Green gra» snake- - ^----- .— 


1 

IS 

1 

1 

1 

1 

1 

1 

1 

2 
S 
2 
1 

12 

1 

8 

I 
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mmt 

Coluhrldae^—Con tfnized 

actimtnoJur__ 

fViuopAii 

Fituophi$ *ttffa«o!«xcTU__,,, 

Ptifox _ _ 

Sttrr^ia ___ 

TTioTnnopAit (?f4ihorc£ef^ ^. 

7ha^flO^Ai> wauriivM^ __ 

ThdhifiOp^iJ tirialit-^ _ _ _ 

Elarpidao: 

£>mfrfHMpi> _ 

C^ndtrcKi^pu nridw___ 

Afifrunji /u/nua_ 

!^aja melaj^Uuca,^ __ 

Crotalidafi; 

6iVin<^u#__ 

__ 

4{jjtiVerD</0n pHncoru#.,^_ 

CfoUdiu _ 

Crafaftil ^rritJua _ _ 

Mwr uj JJarewiridti^ ^ _. 
^ufrurua mlfTta^us ^o^nofut. 
^ufrurui miliariiij __ 


namt Sumbtr 

- Pik(s-WcJ auftko^., _ 2 

Woatorfi bull EiaaJsft _ _ 1 

Bull anakd.-^^ __ _ 2 

IndlfU] rat aaako __ _i 

Dd 4 

-Mdilcan garter 6tiftkd_,______ I 

_ Weatcra garter auake,, _ _ _ 3 

Ribbon 3 

Garter 7 

Black tree snake or blaek 

mamba_ _ _ 1 

- _ CreeQ rnambiL-,. _ _ 4 

CoraJ Biiak 0 _„^ _ _ i 

Weet African oolirB. _ _ 3 

_Mexican moecHAin __ 14 

Copperhead 8iiakQ____^^_^ _ , 3 

CottonniQuth mnc™iu —6 

_ Teiaa dlamonddsajcked ra±Uo- 

inake_,___^ _ 1 

_ Eafltom diamond-hacked rat- 

__ 1 

_ Habu 3 

_ . MasaoBau^a_ __ 7 

Pipny rattlesnake._ _ 2 


TKSTUDJNATA 

Chetydidae: 

Bairachtmyt fiatufa.- - Saudi AEocriean anake-nocked 

turtle-, __ 4 

/JjldfOJpii * C^gado or South AmciIcBJi 

suake-neokod turtle>___, _ 1 

l/pdromsdtLia ^eftsjfeT3_^^,. _ _ South Amcrlcaii aaake-ziocked 

turtle - 13 

P/alempt Flat-headed turtle.. _ _ 1 

Ft^omcduBldae: 

Pod^cnimi* espairia^ ____ South American rtver tortotso- J 

KlnoeteiTkidae: 

KifWilerntm §ubrubrum^^^. __ Muak turtle _ _ _ Q 

Cholydiidao: 

Chitydra itrpmiina^^. _ _ _ Soapp'fig turtle,._ _ & 

A/ooroe^lV* Jamiuckii^_ _ Aill^toT anapping turtie_1 

Testudinidae: 

C7hry«niii ____ Painted turtle. _ _ 7 

. . SpoHod turtle...._ 

CT^mmir^ t^4fu^p^a...^_ _ Wood turtle _ _ _ 3 

Ktirt kura box turtle.^*..... 1 

Grop;«tnyj - Barbour'a turtle..^ .. C 

Afa*ic£#wi;w caFifr&ta,_ __ Dlamond-baek turtle _ _ & 

Palea«duaiiffokala„_._^ .. Common Afrtcau water toi^ 

tofee 


1 
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temper 


Testudmid&d—ContiDued 

Pteudem^t nEf^ata _ 

Ptauirnt^# tcripUi irwtiii 
__ 

TerTdpeiie cflro^ino_*_ 

Terrapens 

Tealiido 

T^tmh iu^vdtnH*^^ _ 

TVifvdo 

TtffiuJa _ 

T««^tido ncina__ 

Triouycliidiw: 

Amydn/erol^. . 

Am]ida ^'un^i> ___ 




Cdoter,___ 

Cub&n i^n$.pixu __ 

Ttomt*s turtle. . . 

TTOoat'a ti^rtle (ilhiaq)^^__ 

CuEnbgrland terrmpln„^„___^_ 

Bos turtle.__ 

FSHorida bos tiirtlu__^_ _ _ 

Bunw Island tortoise. 

Hocid Island tortofee^-^^_ 

South American tortoise^,_ 

Soft-ehelled land tortoise^.... 
Albemeub Island lortobe. 

Sott-atioLIod turtle___ 

West African soIt^eRed tur¬ 
tle __ ____ 


1 

J 

1 

2 

4 

50 

4 
2 
2 
1 
1 

5 

0 

I 


AHFHiBlA 


UAUDSta 

SalEkiQDndridae: 

Triinrtd pprAe^fer __-_ _ Rod Japanese ealatoaedor - 77 

Trifiiruj (orofui^.......__ _ _ Giant neu't _ 2 

THtnrwi --------- — -Common I^utopcan sklaiiiaii- 

dcr - - 3 

Ambystoniidae;: 

Amb]iit6}7m latui^ . . .... Mexican AXOlotL..—3 

opecutn-.-.^ ___ Marbled BalBmander.^^^^^-,^ I 

Anvtiifffonifl ___ _ AxolotL^-..^ _ _ _ 32 

Cry ptobrnn cMdao^ 

A/c^bBofrffcAiir ^ Giant Japanese anlnmaridor.. . 2 


aaLtE!«TIA 


Dsndrobatldae: 

AtdopuM Boriji^ Yeilow atelopiiH^_^. 

JD^ndrebabs oijErnfuf.^ _ __Aimw-poiBon frog,, 

DtAtirifbaUi imliii--------.— --- - ^d and blade frog, 

Bufonidae: 

Bii/o ammeanut _ __ Common load,.-... 

Ro/e Sapo de foodtia- _ . . 

Rti/o Marioo toad----.... 

Btifo pgflacepAafus,,-.— __ - _ _ Cuban giant toad... 

Cerfttophrydao: 

CerntopAryt - Hornod frog-,^- 

CfrefopAryi ranfui_ __ - _ _— Bominlfroe- 

//pJo . . . Tree Jrog_.„. 

Hpta crucifer—___ _ _ Tree frog,---- - 

PipidBe: 

Pipa ____ Surinam toed.-__ 

XeTwpu* African clawed frog. 


34 

100 

1 

1 

4 

4 

3 

1 

1 

] 

2 
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Kanidae: 

^nfia colubnana_____——- BiiUfrog-,—--— -—— 2 

/iavus eifaini^nt^^_____ Green frog,-^- 2 

Eana ... Leopard 10 

i^ana ---- Wood frog.-----1 


FifiaEB 


luludiTtetu_ 

Aiiopf i>AtA{/3 fardani . - . -. 
Barbu* 

BarhuM partipeniatm^-^ ^- 

Britch^fdanio ren'o_ _ _ 

Coramui aunaJiu^.._ 

Cluiniut (ui«itca_^^ 
CicAJu^mo . 

Cor^rforew eurutfi-__ 

Dfinitf malabariaa _ 

Gi^mnocorT^nibiM ttmHei— 
HidiHiOTrvi ^*iTtT!itlldtll -. 
^yphe^MThrycon 
Krypit^pterut bieiTrh4$^^^ 

retvulsiuM __ 

L^idatireA paradijsa^^ — 

Limit __—. 

Mdlienitia 

MoTtocirrhv* potj/atanthut. 

Otomnclut a^nut _ 

_ 

Prittkla riddUi -- 

fVotop^V* annecfcn*. —-. 
Pttraphynnm fcofartf-- 


CUmbuig perch___ __ 

BUed etiajAcin_ _ ___ __ 

ClOTni bftrh^_ _— - 

Baoded barb __ _ 

Zebra danio.--._ ____ 

__ 

Seakehead flah- - 

Flag eioblJd __ — 

Trinidad catiiBh, ____ _ 

Blue dfto tn _ ___ 

Black _ _ __ 

Kiasfog gourami or gDramj_ _ 

Neon tetrft.w. __ 

Glafia oatfiab ____ 

Guppy---*- --- 

Bouth Amen can tungfifib -^^.. 

Cuban UmiA_„^__*_^- - 

Vlelbry tcoUy ---- 

Leaf l!«b. . 

Sooker oatfldb .. .. 

Red znOoD.----- ___ 

AlrJcan lungfiah^-^-^- - 

ApgeJ fiib^^,^___- - 


S 

12 

% 

20 

2 

ID 

2 

S 

5 

2 

4 
2 
a 

1 

lOD 

2 
10 
12 

1 

5 
3 

10 

2 

1 


ARACBNIDB 

Bar^pdflu sp---- _H-W H K- «■ —1^-#) -«■ Tarantula 


1 


Biobtra sp 


INSECTS 

_ _ _ Giant OQokroach^_ 


100 


aU'HMABT 

Aalmalfl on hand July L — ---- 2, 55S 

Acettalooa during the year^^,,-*--- ... L ^6^3 


Total number of aniioala In ooUciTtlOD during the year^,^^-- 4, 015 

Removala for vaiioua roaBOna i^ch aa death, exchanges, return of animale 
on deposit, etc,- ---—--- tpOOS 


In collection on June 30* 1047--. — —-a, 007 


Among the important losses of the year were three emperor pen- 
gains, Two of them had lived here for 5 years and 11 months j the last 
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one to die, for € yea rs and 3 months. These, of course, are outatandini; 
records for life m captmtj for these interesting birds, but the loss 
was a hoaTy one. 

STATUS or COLUSCTlOfl 


CUat 

SDfidbi 
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Tld. 

CbB 


Indt- 

Tfd' 

ttidA 

bfUnSUil 

|l« 

sst 

400 
l,*W 
! An 
K5 

Thh .... . 

ll 

] 

1 

U9 

m 

m 

i 

3,007 

Blnti..-.-.._— . 

TEeil^Efli_ _ _ 

. 

A rtmlinMa 


Tou:,.„... 


Bespectfiillj sabmitted. 

M. iliNK, Dirtctor^ 

Dr. A* Wetmohh, 

Secretary, SmiihiQfman In^Urdmn, 





















APPENDIX 8 

REPOKT ON THE ASTROPHYSICAL OBSERVATORY 

Snt: I ha™ the honor to submit the foUowing report on the opera¬ 
tions of the AstrophjsicpJ Observatory for the fiscal year ended June 
30,1047: 

T’he Observatory has two divisions: (1) The original Division of 
Astrophysical Research, engaged primarily in a study of solar radia¬ 
tion, and (2) the more recently established Division of Radiation and 
Organisms, engaged in a study of the etiects of radiation on organisms. 

Both divisions of the Ol^rvatory helped to celebrate the onc- 
huudredth annivei'sary of tlw) founding of the Smithsonian Institution 
b}' participating in a special exhibit jilustrating the activities of the 
Institation. Mecbnnical working models were displayed showing 
typical instruments as used by the Observatory at Camp Lee, Va.,and 
also showing types of research in the Division of Radiation and Organ¬ 
isms, with emphasis placed on the role of light in the growth aud de¬ 
velopment of plants. 

(!> nmaios or abtrofstsical UESnAsoH 

'Work tn TTajAfflpfon,—'As in the past, our first concern has been to 
appraise the solar-constant values received from our field stations and 
to plan and develop itnprovenreuts in instrumental equipment and 
methods. Oiir plana have seemed unduly slow in fulfillment, but by 
way of anticipation we may state that in the near future at one of our 
field statioiui we expect to tty several innovations. These include an 
improved vacuum bolometer, a fused quartz prism, and aluminized 
mirrors in the optical path in place of stellite. The resulting large 
increase in ultraviolet deflections should permit a more accurate study 
of the day-to-day changes in this important region. 

Our second coucem has been the work at Camp Lee, Va., under con¬ 
tract with the Ofiice of the Quartermaster General, described in last 
yeara report. The records of the Camp Lee measurements of sun and 
sky radiation have been compiled and prepared for publication in a 
series of H reports to the Quartermaster Genertil. The maintenance 
of the equipment and observations at Camp Lee, and the preparation 
of the reports have all been under the direction of William H, Hoover, 
With the close of the fiscal year we have completed IS months of con- 
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titiuoits obeerrationB at Coinp Lee. These records give the and 
sky radiation in calories per square centimeter, lor each hour of each 
day divided as follows? 

(1) Total lateaaEty on a tiorLEontal aur/pc#. 

(2) Total tutCJisity on a sarface KncUned 4^* to ihecaat 
Ultraviolet lateiiMlty oa a f^urface 45'" to tbe easU 

(4) Visible inleaslty 4^" to tlie east 

(&) Infrared la tensity 45* to tbe east 

(B) lotoafllty utiCor A vycor fllier which traDamlta nil ntdlntloii, LficUoed 45* 
to the eouth. 

(T> Intensity angler n hlach filter (Comfiig 2540) whJeb cuta off the ultrp- 
rlolet ant] rtalblOt and trasamlta the lafFan^, 45* to the aouLb^ 

(5) Intezialty uoder a yellow filler (Cornliijj 3385) which cuts off the nltra- 

vlolet nod tmF»eiiiltE the visible and Lafrared, 45* to the soutb. 

(B> Uttravlolet intensity on a horlxontal surface measured with a special 
iJhotoclectrlc nltm violet ineter 4 

The measurement and reduction of these voluminous records have 
been tedious anti time-consuming* Integrating devices wliich will 
greatly simplify the work are being studied by Mr. Hoover and L. B. 
Clark} and several ^ueb devices are under construction in our shops. 

It is now 13 years since Dr. C* G. Abbot and tie Director last deter¬ 
mined the standard scale of solar radiation on Mount Wilson. In 
anticipation of a new determination of this scale in the near future, 
the double-barreled water-flow pyrheliometer used sucoessfolly in 
IflM bos been partially rebuilt. Rubber joints within the instrument 
Imve been eliminated, copper-constantan thermojimctions I’cplace tbo 
former ntckel-platinum junctions, and the thermoelement arrangement 
is made more simple and efficient 

Dr. Abbot, research a^^^^ociate of the Observatory, has continaed his 
studies of the effects of solar changes on weather. He has also experi¬ 
mented with a small solar engine, and has made preparations for a 
further study of the energy si>ectra of stars which he will undertake 
soon with the aid of the Mount Wilson 100-inch telescope. 

At the reque.^t of Dr. Henryk Arctowski, end with the cooperation 
of Dr* Abbot and the Secretary of the Institution, Dn Alexander 
Wetmore, arrangementg were made for John JfcLean Hildt to come 
to Washington to assist Dr. Arctowski for } year, ilr, Hildt, form¬ 
erly meteorologist for the American Over^aa Airlines, began work 
with Dr, Arctowski on June 2,1947. He will help organize and pre¬ 
pare for publication the large amount of material which Dr. Arctowski 
has accumulated. 

Work in ihe field.—In October 1046 Mr. Hoover and Paul Greeley 
went to New Mexico and packed for shipment the entire equipment 
of onr Tyrone station, dosed since February 19^. Arrangements 
were made for tlic sale and disposal of the buddings and for the return 

7TT4S9—Jfl - fl 



120 ANNUAL REPORT SMITHSONIAN INSTITUTION^ 1®4 7 

of the site to the custody of the Forest Service, The equipment was 
sent to Miami, Flo., and stored pending the completion of a buil^ng 
suitable for temporaty solar observations at this sea-level location. 

In further development of their studies of the causes of tent dete¬ 
rioration, the Quartermaster Department decided to extend the Camp 
Lee work to include meaaurcments and exposures at a wet, sea-level 
station and also at a dry, high-altitude station. Fortunately, in Miami, 
Fla,, the General Motors Corp- maintains a test fiald for the exposure 
and testing of various materials. At the suggestion of Dr. S. J. 
Kennedy, of the Military Planning Division, Office of the Quarter¬ 
master General, a cooperative program was arranged between the 
General Motors Corp,, the Quartermaster Department, and the Simth- 
sonian Institution. General Motors generously undertook to build a 
special observing shelter at their test field, to house our spectrobolo- 
metric equipment formerly in operation at T^one, N, Mes. T^is 
building, a most satisfactory, weD-insulated structure of cement brick, 
was completed in April 1047. On May 1 F. A Greeley, recently 
director at our Montezuma, Chile, station, took charge of the installa¬ 
tion of our equipment. Spectrobolometric observations are planned 
for a period of 1 year. 

During the war years our field stations were unavoidably under¬ 
manned. It is therefore a satisfaction to st ate that each of the st atious 
now has two competent observers, as in prowar days. 

During the fiscal year, a generous gift to further the work of the 
Division was received from John A. Koebling. The staS of the 
Observatory is sincerely grateful to Mr. Koebling, and to Dr. Abbot 
through whose kindly interest the gift was received. 

(SI nrvistOK or h.\dution and oroanismb 
(Beport piepand tir Earl S. Jobestco, Ciblef of the Division) 

Members of the Division were consulted as utnial by out¬ 
side individuals end organizations regarding problems arising in the 
field of radiation, its measurement end its effect on living matter. 
Individual members also participated actively in the affairs of national 
imd local scientific organizations. 

ffesettreA—During the year the research of theDi vision of Radiation 
ond Organisms was concentrated under two projects: (1) Plvoto^m- 
tbesis, and (2) plant growth and development as influenced by light. 

(1) Ph 9 tosyiilhesid.-^f!^it purpose of this project is to rietermine 
the role of light, especially the wave-length effects, on the Ration of 
carbon by green plants. Included in this project are studio (a) to 
determine a more complete photoj^thesis-action spectrum by use of 
the special spectrographic piPthod for the determination of carbon 
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diosida as developed in this laboratory; (6) to dctennine chloTophyll 
formation in the different regions of the spectrum; {o) to mvestigata 
the wave-length balanoo a^ociated with optimum plant production 

llany instrumental problems have arisen in ootinection witL this 
COi-measuring method which have prevented the full use of the ap¬ 
paratus in many of the planned experiments. Jfew heat exchangers 
have been installed for better temperature control and other improve¬ 
ments made. After making 07 test runs, each of which rwjuired from 
5 to 6 hours, all hut two of the problems have been overcome. 

The Division has recently obtoiued a suitable spectrophotometer 
with which to continue its studies on chlorophyll formation. Work in 
the study of wave-length balance and optimum plant growth has been 
continu^. 

(2) Phnt gr 0 wth md developimvi os inpaenced hy ligM ,—The pur- 
po^ of this project are (a) to detennine the mechanism of dormancy 
in light-sensitive seeds, and (J) to study developmental physiology 
of grass seedlings. 

jS'o?c of light i» seed germinsOorK —It has long been known that 
germination of many species of seeds under certain conditions is very 
markedly stimulated by, or entirely dependent upon, irradiation. 
About 10 years ago a cooperative investigation carried out in this 
laboratory (Flint and McAlister) demonstrated that only certain por¬ 
tions of the spectrum are stiniulRtory to germination whereas other 
regions are inhibitory. The mechanism of these effects of light has 
remained completely ob-scune, however. 

Subsequent discoveries by c^her workers have suggeste<I new ex¬ 
perimental approachee to this problem winch has been taken up again. 
Tl)^ discoveries are (1) that certain chemicals have the ability to 
evoke germination in darkness and thus appear to act os substitutes 
for light, and (2) that other chemicals act as germination inhibitors 
La darkness but that light tends to overcame the inhibitory action. 

A considerable variety of compounds has been tested for ability to 
promote gennination of lettuce seeds in darkness at temperatures 
which, in the absence of specific stimulations, permit germination only 
in light, A number of active substances have been found. The tests 
are being continued in an attempt to correlate the physiological potency 
with molecular architecture. 

The light-sensitive inhibitory effect produced by coumarin does not 
appear to be specific, being exhibited also by several other compounds 
among the many which have been examined. Thus there is little 
support for the suggestion made by other workers that coumarin, or 
a chemically closely related substance, is responsible for the natural 
light-sensitivity of lottuce seed. A report of this work is now being 
prepared for publication. 
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Evidence has been obtained, however, that dormancy and germina¬ 
tion in this species is r^ulated, or at least itiduene^ by an endo¬ 
genous inhibitory substance. The nature of this inhibitor and the 
mode of its action are being studied. 

A critical review of the literature dealing with germination of 
lettuce is also in preparation. 

Effect of light on development of grass seedlings. Various phases 
of this project have been carried forward aa time permitted. A com¬ 
parative investigation of the action spectrum for inhibition of meso- 
cotyl growtJi in several species has been published. Tests on llie 
influence of several seed-disinfection treatments on subsequent seed¬ 
ling development have been completed. Additional experiments have 
lieen made on the effects of various salts on growth of etiolated oats. 
In order to explain the observed gross morphological effects of light 
and other enviiomnental factors on mesocotyl elongation, a histologi¬ 
cal study of this organ is in progress. A large number of slides Lave 
been prepared and are being examined. It is planned to resume the 
experiments on the interrelation between light and temperature as 
affecting coleoptile and root growth as scon as the necessary equip¬ 
ment, now being constructed, is available. 

Volatile plant-growth inhibitors. It was observed that in a wooden 
growth chamber, of which tlie interior liad been varnished, the germi¬ 
nation of several species of seeds was completely checked or greatly 
retarded, although all the commonly recognbed environmental con¬ 
ditions were favonible for development. On removal from this cham¬ 
ber nonnal development was resumed promptly. As tlie plants were 
ne)t in direct contact with the original bos it appeared that a volatile 
substance of great physiological activity was present. A large 
number of subsequent tests showed that volatile inhibitors are Indeed 
produced, presumably as the result of oxidation processes, by films of 
varnishes, drying oils, unsatttrated fat acids, and by several species of 
wood. The rapid and complete revel'sbiHty of the inhibition is espe¬ 
cially remarkable. An agent with these properties might conceivably 
be of considerable value both in plant physiological experimentation 
and in practical plant culture. Studies on the identity of the respon¬ 
sible subslance, or substances, are in progress. 

POBUCATIOKS 

llie following publications relating to the work of the Observatory 
were issued during the year: 

Abbot, C. O-, 11>4«MT report on the 2T.(l074-d(ir (rde la Wushlngton phwlpltiitlon. 

SaittbBonlan UIsc, Colt., voL 107. No. 3, Mnich 104T, 

AjiaoT, C. The earih and tlie atara D. Van Nostrnnd Cto„ Inc New York 
101& 2SSpp. 
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ABBoTp C* G.. The atia'a short ro^Qlar varl&tloa Hud Its large cttect on terratiiEil 
tomi»«i-arureH. SmlthsoniBn MSet Coil., toL 107^ No, 4, April IMt. 

AHBcr4 a G., ABtrophyelcAl conttlbatioiis ot the SinUhsaxilaD lostUtiUoiL BcUncc, 
vol, I04p No, 2603, Atl^t iMfl. 

AiJ>HicEf L, B,. and associates, BL-iporls on Camp Lee atiidles, eabmitted to the 
Offi<^e of the Qaartormasfer OeneraLp ns follows: 

Textile Series* OtBce of Quarteramater Generalp E^urt IT, Tiait Eosearuh 
Report 3* pp, 63^, 

Bex^rts 2 to 11^ Smtlhsonlaa IxLBtitntloa to O^ec of QnartenuBster 
GeaeraL 

JefiNBtoN, Exhl S,p The Division of Radiation and OrganUtiDfi: Its orlctn nm\ 
scope. ESdeatlSe Urobthij, voL 03, pp. 3Tl-^p 1£M0- 

JoR^ato\% Eabj, S., -An estnhllHhm^ht was eatabllslEed. JoutHh Woshln^on Acad, 
Scienees, voL 3T, pp. 3T-40,1&4I, 

WmnTKAun^ Rooebt L, jind FaiciCp LEoirAao, Doveiopmt.itite] phyafologj of the 
grass BeedlSng^ IL inhibition of mesocotjl elonfoilon In Yarlous by 

red and by violet Ught Smithsonian aiJae, Cod,, voL 100, No. 21, May 10-lT. 

BespcctfoUy submitted. 

Dm A. WetmohEj 

Secretary^ Smithsonian Institution. 


h. B. Aldrich^ Director. 


APPENDIX 9 

EEPORT ON THE NATIONAL AIE MUSEUM 


Sir: On Aujnist 12, 1946, President Tnuiian approved an act of 
the SeTenty-ninth Congress (M. R. 5144) establishing, under the 
SmithsODian Institution, a bureau to be knourn as a National Air Mu¬ 
seum. The act, now referred to as Public Law 722, stipulates that 
this bureau shall be administeied. by the Smithsonian. Institution 
“with the advice ol a board to be of the Commanding Gen¬ 

eral of tlie Army Air Forces or his successor, the Chief of Naval Op¬ 
erations or his successor, the Secretary of the Smithsonian Institu¬ 
tion, and two citizens of the United States appointed by the President 
from civilian life, who shall serve at the pleasure of the President." 

The purpose of the National Air Museum is to ^'memorialize the 
national development of aviation; collect, preserve, and display aero¬ 
nautical equipment of historical interest and significance; serve os 
a repository for scientific equipment and data pertaining to the de¬ 
velopment of aviation; and provide educational material for the his¬ 
torical study of aviation." 

After the passage of the act, Dr. Wetmore discussed with Gen¬ 
eral Spaatz and Admiral Nimitz the designation of appropriate rep¬ 
resentatives of the Army Air Forces and the Navy to the Advisory 
Board. As a result, General Spaatz appointed Mtij. Gen. E. M. 
Powers, and Admiral Nimitz appointed Bear Adm. IL B. Sallada. 
The latter was replaced on May 1,1947, by Rear Adm. A, M. Pride. 
On December 3, 194Q, President Truman appointed Grover Loening 
and IVilliam B. Stout to be cmllan members of the Advisory Board 
as provided in the law. 

On December 16 the first and organizational meeting of the Ad¬ 
visory Board was held at the Smithsonian Institution in Washington. 
At this meeting Dr. Wetmore was unanimously elected chairman, A 
general discussion of the preliminniy plans for an aeronautical 
museum then followed, the Board callmg attention to the danger of 
losing valuable historical and technical material unless prompt action 
were taken. Toward this end, Dr. Wetmore was requested to com¬ 
municate immediately with leaders in all branches of aeronautics 
requesting that such material be preserved for future review by the 
Board, 

The Board also discussed section 3 of the act which calls on the 
Secretary of the Smithsonian Institution with the advice of the Ad- 
124 
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visory Boftrd *^o inTestigate and eurrey suitable lands and buildings 
for seJection as a site for a national air museum and to moke recom* 
mendations lo Congress for iba acquisition of suitable lands andbaild^ 
ings for a national air museum.^’ 

At tills meeting, too, tbe preparation of estimates of appropriations 
to implement the ^0,000 authorized by the Congress for the purposes 
of the act was discussed in detail, and Dr. Wetmore was adrised b; 
the Board to submit the request to tho Bureau of the Budget. This 
was done, and on ^'larch 21, 1947, President Truman transmitted to 
Congress “A Supplemental £^tinmte of Appropriation for the Fiscal 
Year 1948 in the Amount of $SO,000 for die Smithsonian Institution” 
(H. B. Doc, Xo, 181). On April 30, 1M7, Dr. Wetmore appeared 
before the Indepeiulent 08ices Subcommittee on Appropriations and 
presented a brief statement on the origin of the National Air Museum 
and on the need for the requested appropriation. 

Following this initial meeting of the Advisory Board, approxi- 
trmtely 200 letters were addressed to aeronautical interests through^ 
out the Nation, These letters called attention to the establishment 
of the National Air Museum and urged the recipients to advise the 
Board of tiny nerouautical items which in their estimation should be 
considered for Inclusion in tbe future National Air Museum. The 
letter abo i-equeated that such materials be carefully preserved until 
such time as the Board could make a study of them. The response 
to these letters has been largo imd indicates the existence at this writ¬ 
ing of much valuable museum material in private bands scattered 
throughout the Nation. Both the Army and Navy, too, are assem¬ 
bling and holding large quantities of valuable aeronautical material 
of the recent war years. A portion of these collections, and several 
private collections, were inspected toward the dose of Uie year at the 
Institution's own expense. 

The major problem involved in the advancement of tlie National 
Air Museum project is the acquisition of a storage depot for the tem¬ 
porary assembly of Uie museum material. Tbis is most essential to 
prevent the permanent loss of material and to enable the Advisory 
Board to determine and recommend to Congress suitable lands and 
buildings for the new bureau. At tlie close of tbe year this vital 
problem was still unsolved, nor bad tbe Congreas appropriated the 
$50,000 autliorized and requested for use in the fiscal year 1048. 

Respect fuUy submitted. 

C. W. MmiAH, 

AesUtant fo Swretary for lifational Atr 
Dm A. Wrtoiose, 

Secretaryf Smithsoriian Inetifution. 
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REPOBT ON THE CANAL ZONE BIOLOGICAL AREA^ 

Sib ; It giTies me pleasure to present herewith the annual report of 
the Canal Zone Biological Area^ for the fiscal year ended June SO, 
191T. As in past I'eports, there are included data regarding rain fall, 
temperatures, relative humidity, and other data which are mvaluable 
to those coming to the island for study. 

BEUABDisro THE isnaNn 

As this is the first report published in seTeinl years, it is desirable to 
include hero some of the data that appeared in the earlier Bano 
Colorado Island Biological Laboratory Reports—particularly so, be¬ 
cause so many new readers will want this inloimation. 

Tlie island was i^serred for scientific purposes by Governor J. J. 
Moriow on April IT, 19113; hence in 1^8 th« island and its unique labo¬ 
ratory will celebrate its twenty-fifth anniversary. It is located in 
Gatun Lake, about halfway between Gamboa and Gatun. Its width is 
3.1 miles, its length 3.4 miles, and its area 3,609,6 acres, or 0,64 square 
miles. Its coast line exceeds 25 miles. It is larger than the combined 
aieas of the familiar islands of Taboga, Taboguillu, Umva, Otoque, 
Bona,Morro, Cham^, Estiva, Melones, Venado, Mandinga, Tabor, En- 
sena, Patterson, Tortola, Naos, Culebra, Perieo, and Flamenco. 

The shore line of Gatun Lake is on the average 85 feet above sea 
level, and the highest |Joint on the island, 93T feet. There are S4 
trails, marked off into 100-meter sections, so that not only are all parts 
of the island available with ease, but the lOO-meter designations give 
it a sort of cross index; thus, for example, IVbeelcr-C has a very definite 
location. And since all trails eventually lead to the main laboratory, 
no one has ever been known to be lost on the island. 

As to buildings, tliere is a two-stoiy main building 33 fay 55 feet, 
the lower fioor including a dining room, and the upper fioor lodging 
rooms. There are two buildings 12 by 24 feet with two rooms each, 
the 2!MA and Barbour Houses, the latter with a large porch for labora- 

^ Thu* ihv re(|Hart to be pablUli^ duce ihm Cniiftl Zone Am wtl pitted 

muter tthr iidnlplitratlon vt tb« RmlibiPfllin iCUm lint ta tbe tL^tf-rntb reporti; 

far ihB jfATB wbpb or^DlziU^n Wni koavn u the Bam CoionidD Zilaliil BibloflCAl 
Lab^mtorTk iR »!lcn»eratk1v term, Ibt Uit Id 1B4Q. Durlfif war, pwIu tq 

mlUtarj rtBtrJetlvna and plber Epnsfdi] rati ana, np reparta wen iHrecd. 
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toi 7 space. Then there is the Chapman House, also 12 by 24 feet, with 
a wide porch; the lower floor h screened in and serves as a splendid 
laboratory unit. ITie Eastman Kodak Co. has a building for its serv¬ 
ice, deterioration, and corrosion tire lower floor serving as 

workshop. There is a three-room library, and another building used 
by the Besident Manager. The upper part of the kitchen is used as a 
dormitory. 

There are buildings at the end of the Barbour Trail, the Drayton 
Trail, the Pearson Trail, the Zetek Trail, and at Burrutiga Point, all 
available for the use of scientists. At least two can live comfortably 
in these houses. 

Inquiries should be addressed either to Dr. Alessndcr Wetmorc, Sec¬ 
retary, Smithsonian Institution, Wasljingtorv 2!>, D. C., or to James 
Zetek, Besident Manager, Drawer C, Balboa, C. Z. Accredited scien¬ 
tists receive an annual card pass on the railroad, and authority to pur¬ 
chase in the commissaries. Living conditions on the island are very 
comfortable, and working conditions good. Owing to the precautions 
taken, the malaria hazard is nil, and the water supply is safe. 

As the island force looks after the dormitories and the meals, it 
means that the scientists are relieved of all housekeeping duties; Thus 
their entire time b available for their research problems. Tliose who 
have worked in the Tropics where such facilities are not available, 
where drinking water must be boiled and malaria precautions token 
daily, know what it means to be relieved of these chores. Furthermore, 
in niony tropical localities good medical facilities are not within easy 
teach, whereas on Barro Colorado Island the scientist is never more 
than an hour fi'om a Panama Canal dispensary, or an hour and a half 
from Gorges or Colon hospitals, where one Jlnds the very best In medi¬ 
cal or surgical services. 

With rapid air mail and air express service the island is in very close 
touch with the United States, and being under the United Stat^ Sag, 
it is almost like being in the States. On the other hand, the isolation 
provided by an island does away with the many distractions so common 
on the mainland. 


TttB iSLA?<n LrreaATXTiB 

Since the laboratory was established in 1823 as the Barro Colorado 
Island Biological I^iibomtoty, there have appeared 603 individual 
published articles and books relating to studies made on ibo bland- 
This is an enviable record, equaled by very few institutions of this 
sort. The field covered is viist, even including papers on studies made 
liere on cosmic rays, hfiiny of the papers on physiology have paved the 
way to other studies that have solved problems relative to certain 
human diseases. A 3- by f}-inch card record is kept of these individual 
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books and papers. One index is alphsbetical by authors, the other by 
subjects. 

Tlie war halted the piieparation and publication of m&ny papers, as 
it also curtailed the numbw able to come to tire laboratory for studies. 
During the war the laboratory was, of course, very actire on problems 
relating to the war, particularly deterioration, corrosion, fungi, chemi¬ 
cal problems, and related matters, but rery few of these findings will 
appear in print. It is also known tlmt papers have been published of 
which we hare no record. It is a difficult task to cull all the litera¬ 
ture, and probably the index is only @0 percent complete. Neverthe¬ 
less, it is an amazing record. 

SCrEXTISTS AND TKXUt STUDEES 

Dr. T. C. Scu.vnntiA, curator of the department of animal behav¬ 
ior, American Museum of Natural History, perhaps the highest au¬ 
thority living on the behavior pattern of army ants, spent from Feb¬ 
ruary 7 to June 16, 1946, on the island, continuing his studies. A 
summary of his findings follows: 

*^heSQ studies on army-ant behavior and its biolt^ical basis were 
begun on the island in 1932, and were continued in tlie rainy-seoson 
periods of 1933, 1936, and 193S. The work begau us un attempt to 
analyze the complex behavior system of these ants os a cose study of 
*insttnct,* but as it went along inevitably led into other special prob¬ 
lems, such as the social organization of the army ants, and the rela- 
tionship between reproductive processes and behavior. 

“To investigate tlie last problem in particular a project was planned 
for 1942; however, the war interfered. Since all the preceding studies 
had been made in the rainy season, it was especially desirable to ob¬ 
tain evidence on the activities and adaptations of the Ecitons in the 
dry months. Plans for an inteosive investigation under dry-season 
conditions were resumed in 1946. 

*Thc basis of tlie study was tlie surveying of activities and condi¬ 
tions in two colonies, one of Edton hairuitum. and one of £*. burDh^Ui^ 
for as long a time as possible in the diy months. Otlicr colonies of 
these two species were kept on record as far as possible for briefer 
periods,and supplementary field and laboratory tests were carried out 
on relevant problems. The object was to learn as much as 
about what changes may occur in the activities and in the brood pro¬ 
duction of these ants in the dry season. 

“If there is any other rituation in the world today where such a 
project involving correlated field and laboratory studio can be carried 
out advantageously, I jjave yet bo learn of its existence. The results 
of this project illustrate the islantPs advantages. On the day of luy 
arrival, February 7, 1 found a colony of £’. burcKitlU bivouacked on 
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Sh&nnon trail just beyond No. and this colony was kept on record 
until just before departure on June 15—about 125 days in all. A 
colony of E. hamatum, found a few days later, was on record for nearly 
as long, Approzimately 50 other colonies of these 2 species were 
studied more or less intensively dining tlie 4 months. 

*‘The findings, first of all, show^ in convincing ways that the 
periodic behavior changes (regular alternation of nomadic and 
statary—e., sessile— colony behavior) that 1 have found invariable 
for these ants in the rainy season also hold thrO'Ugh the dry season. 
Kegular phases were found as foUaws; For Aamotum, about 17 days 

nomadic and about 20 days statary in alternation; for E, 
about IS days nomadic and 21 days statary in alternation. An inten¬ 
sive study of colony brood-production, paralleling die behavior studies, 
revealed that in colonies which survive the dry season with their gueens, 
new broods are produced at very regular intervals as in the rainy sea¬ 
son. Further evidence was found that this regular brood-production, 
based of course upon a very regular dolivety of successive batches of 
eggs by tlie gueen, provides the causal basis for the described regnlaiity 
of colony behavior. For mcntnple, the ijueens of E. hamstum produce 
new batdies of e gg s at about S6-day intervals. This island study of 
1946 shows that this remarkable performance ordinarily is condnuous 
throughout the year. 

“The production of male individuals, it was found, occurs in the dry 
season, at times characteristic of the species. Evidently in colonies 
that prodnce males, only one brood of males per season is produced, 
otherwise the broods arc immense worker broods as in the rainy season. 
The production of males was studied, from early larval stages to ma¬ 
turity and dissemination by flight. A brood of (about 8,000, as a rule) 
wunged males requires about & weeks for its completa exodus through 
nightly flights, after emergence, Besulta indicate that most of the 
males that survive the flight reach other colonies (evidently through 
chancing upon and following raiding trails to the bivouacs). The 
flight evidently operates against adelphogamy, although some evi¬ 
dence was obtained for occasional returns of males into their colonies 
of origin. From this 1046 work a oonsiderabla part of the virtually 
unknown problem of Eciton mating can fc» sketched in. More of it, 
and especially how the wingless queens are produced, we hope to learn 
in 1947-48, when a project is planned for studying transitional condi¬ 
tions in the Ecitona from rainy to dry season months.” 

Dr. James B. HsMiLto?;, professor of anatomy, Long Tsland College 
of Medicine, and one of the foremost authorities on hormones, initiated 
a most interesting and promising line of resesreh dealing with the 
matter of baldness, a subject on which he has already published im¬ 
portant papers. His experuneatal approach wejs through the three- 
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toed sloths the male of which has on its back a prominent bald area or 
^nsure,^ Tliis sloth, and some of tJie lar^ apes, appear to be the 
only animals that reisemble man in that the adult males develop com¬ 
mon ba]dness> 

observations thus far are in total agreement witli the idea that 
a bald spot of inereasing size develops npon seximl maturation of the 
male* It is still too early to report on bia study of the anatomical 
materia] he obtained on the Island. The sloths used were obtained 
through the cooperation of Mr. Shropshire and Lieutenant Keenan of 
the United States Army Sanitary Corps. If the atudiea corroborate 
the views outlined, then It will bo important to study the pathogenesis 
of this condition. Its etiology is apparently identical with that respon¬ 
sible for other important pathological conditions, for eisample, hyper¬ 
trophy and cancer of the prostate. 

His present studies arc only the bcgmnings of further ones. No 
one so far has made this approach tlirough tlte sloth, and w'hile quite 
a number of males and femalca received male hormone treatment, it is 
necessary to follow tho experiment through on a large scale. This 
involves also a study of the sloths themselves, to leam how to keep 
them alive in captivity for at least 6 months* In captivity the sloth 
is not hardy, and no one as yet has made a serious study of the food 
habits and oilier chnractei^ of these animals. Tlicy are ideal for such 
studies. 

It J, Kowal, entomologist in charge of the Gulfport, Miss., Lsiboni- 
tory of the Bureau of Entomology and Plant Quarantine, and Ento¬ 
mologists Samuel Dews and Harmon Johnston, of the same regionfll 
Inboratory, began their studies about 4 years ago, upon the initiative of 
ICow'al. Tfis object was to obtain information on effective methods of 
preserving wood against deteriorntion due to tennites and other organ- 
htnSf as well ns to rot. To quote Kowah severity of conditions 
conducive to dett^rioration, and the cjscellent facilities for scientific 
study, make the island an ideal location for such investigations**^ 

The studies began in 1943 when funds were mode available through 
the United States Forest Service, and the Coordinator of Intar-Ameri- 
can Affairs. Prtiposals for this work came as an outgrowth of requests 
for information from the Public Eo[id^ Adtninistrwtion, the War and 
Kavy Departments, and other agencies engaged in the war effort. 
Briefly stated, the Inter-American Road became an urgent need, steel 
for bridges was hard to get and its transportation a problem, and to 
erect wofxl-pre^rvation plants with creosote on the list of critical 
materials was out of the question. Could we not poison soils at the 
bridge abutmetits so as to eliminate the termite and rot hazard, and 
couki we utilize native resistant trees by the additional process of 
sap-stream impregnailonf 
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In the spring of 1&13 two types of eiperiments wore established^ one 
to test the value of soil poisons in preventing damage by termites^ 
the other to determine whelher tropical tree speeica eonld be impreg^ 
nated with vrater-soluble wood preaervaLives by tfie sap-stream method 
of impregnation. Soil poisoning had faeeti previously tested on a 
small scale particularly in tbe treatment of soil along building founda¬ 
tions to prevent tlie entrance of termites into wood structure. The 
relative value of difFerent soil poisons was not known, however^ nor 
was information available on their effectiveness under tropical condi¬ 
tions. Thirty-nine difFerent treatments were applied on Barro Colo¬ 
rado lsland| each treatment being replicated 10 times* The procedure 
consisted of removing and treating 2 cubic feot of soilj replacing 
and driving a intake into the center of the treated area. After 3 years* 
exposure it was apparent tliat treatment by means of tho so-called 
‘^savr-kerf banding'^ and bore-hole techniques w^cre the most effective. 
In the case of several of die tree species^ intake of the cliemical was 
not satisfactoiy and preservation consequently was poor. 

In 1046 the Divisionj in cooperation with the Corps of Biigineers 
of the War Department, began investigations on problems of de¬ 
terioration of wood and wcwod products confronting the Army. The 
studies deal mainly with problems under military conditions, and 
researdi is pointed toward development of practical meUiods of pre¬ 
vention and control which can be readily applied by the Army using 
materials ijiunediately available on location. Several types of soil- 
|X)isoning tesm were established on Barro Colorado Island in Novem¬ 
ber 1046. All experiment similar to that described above wiis installed 
using numerous sod poisons and different do^ge^. Variations of the 
Jnutbod were also tested, one being the surface application of diemi- 
cals and another tlie bore-hole method. A soil-poi^ning experiment 
known as the ^‘■platform teat^^ was oUo e^ablished. In this test poisons 
are applied to the soil surface by spraying or sprinkling^ and Uie board 
or '^platform” to be protected is laid on the tieated area. Dosages in 
this last are considerably lighter than in tests described above^ The 
experiment ie dasigued with the object of developing a method of 
preventing damage to materials in atorago dumps and similar 
installations. 

The above experiments conducted in cooperation with the War 
Department comprise a total of approximately 100 treat merits j all 
have been replicated 10 times. 

Experiments on impr^egnation of seasoned wood with preservatives 
have been established in order to detertuine the methods and chemicals 
most satisfactory for tlie protection of wood from insect attack* The 
experiment, like those xibovc, is designed to provide a reasonable 
degree of preservation by practical n:icthods using cbemieala readily 
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available to the Army on location. Ten different chemicals and ebemi* 
cal mixtures were us^ in the espcflment- Stakes 12 inches long were 
treated by instant dip and by dips of 3 minutos^ X hour and 12 houia 
Ten repheations were made of all lreatiiieDt& All stakes were driven 
into the soil to a depth of 6 inches. 

A small amount of treated fabrieSa conduit, and msulation is now 
under test, and it is planned that more such material will be tested 
in the future. In addition^ experiments will be conducted to develop 
methods and materials that might be of value in preventing attack 
of wood by marine orgamsms. 

TnxoDGBn J. ilABTESj technologist of the Forest Products Labora¬ 
tory at Madison, Wis.^ made several trips to the island in connection 
wilh the installation and inspection of the various tests of plywoods^ 
glueSf paints, reains, and other materials. Since most of thia is covered 
m the report of Mr* Middleswart, little need be added here* 

It is always a great satisfaction to be able to give tribute where It 
is due* The thoroughness of Mr. Martinis work, his attention to 
details, bis ability to see and appreciate what too many would not note, 
all were apparent during his work on the island. 

Mr^. IhjzAnEm G* Haettuiann, of Sew Tork City, spent a diort 
time on the island studying the bird life, preparatory to a more es- 
tended trip into Costa Eka. The abundance of life on the island, m 
addition to the birds, crowded each day with no end of new experiences 
and information and made her stay all too brief. 

Dr* AtnjCAsmER Wmtoan, Secretary, Snuthsonian Institution, 
spent 2 days and I night, all be could spare on his return from Jacqu£, 
and his urgent need to be back again in Washington* While all too 
brief, the period was spent in disciissions with the Besident Manager 
of the island^s more urgent needs. 

G. E. Ehisbo.v, of the graduate school of Harvard University, spent 
some time on the island in connection with his research problems on 
the higher mammala. 

C. C. Sqfeh, chemist for Eastman Kodak Co., and in charge of their 
research laboratory in Panama City, initiated aJid conducted on the 
island the most varied studies in connection with deterioration and 
corrosion of practically all the materials tliat enter into photography^ 
The outcome of these studies means, of course, better results for those 
who do photographic work. Mr^ Soperis investigations dealt not only 
with corrosion of lenses and Ita elimination, but also with the proper¬ 
ties and keeping qualities of him, particulurty color, papers, and other 
photograpbie supplies, and also with the matter of packing and pack¬ 
aging. It is the first really serious study of these multiple problems. 
The upper floor of the building built this year is used for these tests 
and studies. 
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Mr. Soper, through his knowledge of photography and photographic 
prooesses, has been e^stremely helpful to scientists on the island. It 
is hardly necessary to point out here the difiiculties, as well os losses, 
incurred during tlie past war, because of the lack of previous studies 
of this nature. It is to the point to emphasise the ^undneas of the 
decisiou made to go tn the huniid Tropics to toako tliese studies, rather 
than to depend on tests made in the continentai United States by 
simulating conditions in the Xropics. It is possible to duplicate teru- 
peratures and humidities, but it is not possible to duplicate the often 
rapid changes, and certainly not the action of micro-orgaiiismsw 

The past, war haa shown the wisdom aa well as the urgency for 
conducting in the Tropics studies on cori^ion, deterioration, packing 
and packaging, and similar problems, and particularly the need to 
study and test the great number of new materials which still lack suffix 
cient service tests to show the true limits of their best usage. 

Dr. GiuHAai Fairojiiu), medical entomologist to the Gorgas 
Memorial Laboratory, whose splendid work during the post war is 
so well known, made soveroJ brief risits to die island in connection 
with his entomological studies. 

Dn Chas- F- Q.iJAis*TANCfi, spent a little over 8 months of his sab¬ 
batical leave ou the Isthmus, a few months tlicreof oti the island. As 
head of the biology department of EoBtern Oregon College, hi^ main 
objective was to karn as much as possible about the plants and animals 
of the Tropica, and particularly the environmental couditiona. To 
supplement his notes und collections, he also took a great number of 
kodachrome photographs lor use in his teaching. 

It is one thing to read about the Tropics and then pass on this 
second-hand knowledge to students. But it is only when one sees, 
feels, hears, tastes, and smells that which i& the humid Tropics that 
one is able to really teach about them. The pa^ war emphnsi^ed the 
paucity of men who have had actuai experience in the Tropics. 

Dr. Tnos. E. Snttder^ ^nior entomologist of the Division of Forest 
Insect Investigations, Bureau of Entomology and Plant Quarantine, 
United States Department of Agricultui'e, and one of our gi’catcst 
authorities on termites, came for a few weeks to discus with the Resi¬ 
dent Malinger the cxteneive termite studies conducted on the island 
since I&23. The clearing of a piece of the imniediate forest just behind 
tile presjent laboratory buildlugs,to provide needed space for buildings 
and for water storage, necessitate^^ the I'omoval of several thousand of 
the terenite exposure tests to a new area. 

During his stay he examined all the trail-end buildings, which are 
ako termite tests. A report on this ia given elsewhere. The great 
volua of the island for such tests and studies has been attested and 
emphasized so often that any repetition here becomes redundant. 
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Dr. Ghovzb C. Pitts, KatsI Medical BesBanch Institute at Betheada, 
spent a vary short period on the island because of difficulty in getting' 
off in the midst, of important research at that great Medical Center of 
the XaTy. Hastily, he writes as follows: 

“Let me review my objectivea and results in visiting the island. By 
profession I am a pliysiologist witli strong leanings toward natural 
history. Consequently, the purpose of my sliort visit was to gain 
some familiarity with a tropical fauna and flora and to explore the 
possibDities of making studies in comparative physiology there. A 
secondary object was to determine what tlie island might have to offer 
the Navd Medical Research Institute for purposes of field research. 
Though I am now out of the Navy, I continue my afSliation with 
NMRl as a civilian. 

“Some resulte were obtained with regard to each objective. I iden¬ 
tified and gained some familiarity wdth tlie following organisms, all 
new to me: 53 species of birds, 14 species of mammals, 6 species of 
reptiles, and an undetermined number of species of plants and inver¬ 
tebrates. 

“This is at least some indication of what a worker can accomplish 
who desii'es to gain fmniliarity with tlie tropical biota and has only 
1 week at bis diaposaL 

“With regard to the opportunities for studies in comparativB physi¬ 
ology, they are legion. More studies in temperature control of the 
typo that Peter Morrison did are indicated. In the past I have done 
some work on diurnal rhythms in various physiological functions. 
The island with its many dirunul, nocturnal, and crepuscular crea¬ 
tures offers boundless material for this tyjw of study. One would 
have to bring most of the specialized equipment needed, but the 
usual laboratory facilities are available. I hope to pursue one of 
tliese problems when time and finances provide the opportunity.” 

A. V- Keonieh, Jr., of Little Rock, Ark., visited the island for the 
purpose of preparing a motion picture of the wildlife, proparatoiy 
to a much longer stay later on. He exposed some 1,300 feet in color 
during the 3 weeks. He also included 3 weeks in Chiriqnf, where 
he went in quest of the beautiful quetzal. Mr. Keguier reports: 

“The finished film with titles and animated maps is about 900 feet 
in length. The sequence on the island opens with the launch coming 
in to the landing followed by a view of those arduous steps. Then 
in quick flashes, the mongo, banana, coconut, lime, lemon, and 
orange trees. Following are scenes of Eriksou and myself walking 
along one of the trails looking up at the air plants on one of the 
giant Bombneopsia trees. Other subjects arc the tamandua, tree for- 
micaria, three .toed slotli, marmosets, howlers, toucans and other birds, 
the sensitive mimosa, the zebra swallowtail, the Hellconia, the beau- 
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tif ul blue princess Mnrpbo, and of course, the coatifi. My still photo- 
"laplis include many of the above subjects, 

“As I mentioned on my arrival in the Zone, my trip was one of 
cisamioation to discover material for a full-length educational film, 
in Chiriqnf Province at the foot of El Volcdn do Chiriq^uf, I found 
what 1 was looking for in the quetzal bird—they breed in March in 
that region and are said to be easily accessible at that time. So far, 1 
believe only two persona have photographed them in color—Wolfgang 
von Hagen and Luis Marden of the National Geographic. I hope to 
make a complete film in color oft the nesting habits of thia beautiful 
bird. 

“iteturning to the film which 1 made last summer, 1 have presented 
It to several clubs and groups along with my own narration, and it 
has been very well received. It has aroused a great deal of interest 
in I'anoniiL in general and in JJarro Colorado in particular. 

E. L, MmOLESWAnr, technologist of the Forest Products Laboratory 
at Madison, VVis,, and at present with the State Commission of 
Forestry of South Carolina, showed an intense interest In the life 
of the island. His report follows, and it must be understood that it is 
still too early for final conclusions. The fact remains that the island 
certainly has all that is needed for tests of this sort. 

”\Vo were endeavoring to find a plywood which would withstand 
tropical jmigle conditions. We had some 1,500 samples of plywood 
14 inches square made of 4 different species of wood (red gum, douglaa 
tir, cottnnwood, and birch) glued with 12 different glues lUid glue 
milt ores, and given 5 different surface treatments on exposure on the 
island. One-half of the samples were placed on racks in the sunlight 
and tlje other half were placed on racks in the deep jungle to give a 
comparison between tlie two conditions. The samples were made at 
the laboratory in Madison, Wia,, and flown to the Zone by the Army 
Air Forces. They were placed on exposure in January 1045. 

“'fhe laboratory also sent tbo plywood wing-section panels for 
exposure on B. C. I-, which came shortly after I left the Canal Zone, 
These wing sections ^Yere also sample sections of plywood used in 
studying the effects of tropical weather conditions upon various glues 
and woods used in making the plywoods and to find which glues Oftd 
woods are tlio most satisfactory for use in the Tropics. 

“This covers the high points of our wotk there. I might add that 
the conditions were most nearly ideal on B. C. 1. for this study. It will 
bo some time before the results are compiled,” 

WiLLiAii E. LuKDr, of the paymaster’s office of the Panama Canal, 
and also secretary-treasurer of the Panama Canal Natural History 
Society, spent 3 days during the rainy season on the island, and being 
deeply intei’ested in natural history, and a keen obsener, ids brief 
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report is of much interest- It shows what othei's^ who are much more 
Tereed in zoology, can expect to find- And dnce these animals on the 
island are as nature has them, not in cages, but in the open^ to see and 
observe them is to know them as they really ore. To the ecologist^ to 
the student of animal bebarior, to the general naturalist, it is to see, 
smell, hear, feel, and touch that which is life. It is something that 
books can only feebly portray. We have the orderly sequence of ex¬ 
ternal nature, we have the Imng organism moving about in this 
environment inhabited by other species, end vre have that continuous 
adjustment which constitntes life. 

Tins is wlmt Lundy saw in but 3 days: 10 bands of howler monkeys, 
3 of the white capuchins, 2 of marmosets. He saw any number of the 
coatimundi, peccaty, squirrels, 2 deer, many nequi, 1 tayra, and best of 
all, 1 night monkey (Goldmon^s Aotm mtialis). He come acros 10 
of army ants, and one huge bivouac of these most interesting 
ants. Among the birds he saw large numbers of toucans, parrots, and 
guana, also the tinamou, pikated woodpeckers, ant-shrikea, molmots, 
two king vultures, many of the other vultures, the scarlet-capped moju- 
kin, Ghiesbrecht^s liawk, and others. Among the insecta, perhaps the 
most spectacular were tJie large metallic blue Morpho butterflies, 
anotlier butterfly with transparent front wings and pink hind wings, 
and die graceful large ^^helicopter” dragonfly. 

COMMENTS or SCIENTISTS 

at the Island & pleasant experience and I am telling my 
associated about conditious there. It seems to me to be an ideal place 
for the conduct of experimental atudics of many types, and I would 
like to tlumk you for the opportunity to work there. The Tesearch 
station is certainly a well-run place**^—Dr. Jahes B. Hamilton. 

**My report is incomplete, of course, since it Includes no statement 
of how thrilling and how great a privilege it was to return to the island 
to continue my work wdiere I left it off, to meet and talk with you 
again, and to enjoy once more directly the countless emotional and 
perceptual satisfactions that come from hiking and strolling around, 
and from just standing in the many well-remembered landmarks, 
probably I had best leave the sentimental part of the return unsaid; at 
least the above sentence is sufficiently full of rushing verbsl chao^ to 
represent how I felt on February T, and all of the days I was 
there ”-^Dr. T. C. Schneihla. 

‘^The severity of conditioofl conductive to deterioration and the ex¬ 
cellent facilities for scientific study, make the island an ideal location 
for such invest i gallons.^— Jobetii Eow^al* 

^As for the Naval Aledical Research Institute, the tel&nd would be u 
most useful proving ground for many of the things developed here. 
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These mdude insecticides and repeUenta, wnim-'weathor clotMng and 
iootgcar, a neir type of salt tablet for men perapiring profusely, etc. 
In addition to all of the above, the island is a wonderful place for a 
boreal biologist to broaden hia outlook^—GHOVKa C. Pma. 

“With reference to my visit to B, C. L, I certainly want to put in my 
plug. I surely enjoyed my visit there, not only with reference to my 
work, but with reference to the many, many other pbesee of study 
adapted to the area. I oertainly had my eyes opened as to junglo con¬ 
ditions and the dora and fauna therem. I have never been in a place 
where so many phases of biology in general could bo so interestingly 
studied and all from the ^me root The beauty of the flowers and 
colorful birds still stands out in my memories of B* C, I,, not to forget 
the hours I sat and watched the busy little monkeys playing in the 

“The fellowship which I experienced with the fellow ecientista 'work¬ 
ing and visiting tlie island, as well as tho friendly reception of the 
native people welcoming me to B. C. 1., ia an experience never to be 

forgotten."—E ugene L. MmoLEswAitT. 

“To the visitors of the Barro Colorado laboratory 1 May they get 
from the trails in the rain forest such an inspiration as will last them 
through life and make them ardent prot^tors of the tropical forests 
of the world, for without their aid these marvels of beauty will surely 
disappear forever.” — Da^td pAiB Cff t Tjt . 

“I take up my pen with the greatest of pleasure to record the out- 
Btanding impiessionB left by my receut visit to Barro Colorado Island. 
When I recall the expeditions I have made into Central American 
jungles, the great expense involved, and the meager equipment per¬ 
mitted bv pack-mule transportation, the difficulties encountered and 
the usual sequeUae of tropical malaria and dysentery, it is only natural 
that I fihould he struck first of nil by the propinquity end safety of 
Bhitd Colorado Island. 

“Just to think that one can drop off a chair car at a railway station 
in a civilized community, and after half an hour's launch ride find 
onels self in the heart of virgin tropical forest, is to feel a wave of 
admiration for the foresight of those who secured the reservation of 
this great tract to scientific purposes. It is a biologist s fantasy come 
true, and I hope as time goes on that more and more of out scientific 
institutions will ernme to its support, so that tho potentialities of the 
laboratory be developed in ail directions, and utilized to the full at 

all times of the year. ,, ™ 

«I believe there is nothing Uke it in the world. There are great 
botanical and zoological gardens in the -^pics which represent an 
attempt to facilitate man's acquaintance 'with tropic^ nature by trans¬ 
porting the flora and fauna to some easily accesrible place. Barro 
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Colotudo Island has the opposite aim^ of enabling man to transport 
himself into the midst of tropica! nature and to live there for any 
period of time in comfort and safety« 

“Xatm^ lovoTs as well as scientists can enjoy this unusual experience^ 
ily wife WHS as excited os i was on our nioming walks^ at the hundred 
and one noTel things she bad read about but never seetL We were 
equally lucky in sighting maniiDak and birds before they took alartUi 
while the trees and plants always stood still to be admired I was 
struck by the intelligence and alertness of our Panamanian guide 
Silveatre. and his knowledge of jungle life» 

“In shorty I am enthusiastic about Burro Colorado and 1 will not 
fail to endeavor to communicate this feeling to my friendsw^ —Dr. L. W* 
HacketTj Roakefeiler Fmmd^ion^ 

“As t!ie result of my recent visit to Barro Colorado Island I feel 
impeUed to write you to express my gratiScation with what ia being 
aceoniplished. I remember my pleasure when the isolation of this area 
by the waters of Qatun Lake was Srst foreseen^ and the decision! was 
made to make it a permanent preserve for native life. Yet I can sec 
now tliat I had a very inadequate idea of the realities of nature in 
that area j and an equally inadequate idea of what might be attempted 
in the way of scientific observation^ experiment, and systematic records 
I had, indeed, a general idea of the abundance of life in the jungle, 
but the scope of your records was ii revelation. This means, partly, 
that the number of species is vastly greater than would be guessed, 
even by most scientific men. It also means (you must allow me to 
say thia) that the work is being directed with wisdom and pushed with 
energy* Tlmt such records as I saw should be even attempted would 
seem to indicate the presence of a considerable staff, yet I could not 
help seeing that it is largely your own work. It is greatly to be 
hoped that your work will not only be continued, but augm^uted by 
further cooperalion*”— Nevin M. Fennemak. 

“I find it difficult to say anything about my general impression of 
Barro Colorado that does not sound exaggerated, trite, or exactly like 
sometliing I have rend somewhere else. Perhaps you will know how 
I feel when I say that I wish (financial considerations aside) that a 
stay on Barro Colorado could be required of every candidate for the 
doctor’s degree in either botany or »oologj\ You may be amused to 
know that about a week after we returned to Chicago we went to 
Warren Woods, a beach-maple forest about 70 miles east of Chicago* 
It was very hot, F., and the mosquitoea were indescribably thick. 
It was impossible to accomplish niudi, and we left after about 20 
minutest We both agreed then tliat we would a thousand times rather 
have the ticks and red bugs of B. C. I* than the mo^uitoes of our 
temperate forests. In fact, when I begin to recount the virtues of that 
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little island it seems nlmost too good to be true* Of course is'e realize 
that the virtues of Barro Colorado Island are not entirely the result of 
its natural efqQipment. The veH-inarked trails^ the laboratory^ the 
libraryj the excellent living accotantodations^ the trail-end liousea, and 
all tlie rest are the end resnlts of a lot of patient planning end imendiiiig 
attention to detaih The summer of 1930 was the most stimulating and 
happiest one of our livesJ*—R ai^ph and hfiujarn Bucksbatju. 

*^T]io island is better than ever^ and after knocking about in parte 
of the world where it is very difficult to organize one’s worki I appreci¬ 
ate more keenly than ever the possibilities Barro Colorado off era for 
profitable natural history studies which can be l>cgun immediately 
upon arrival “— Alexanueh F. SstrrcH. 

“AH light talk asidej I have not seen any place in my travels which 
compares with Barro Colorado Island in point of excitement of the 
field-naturalist kind. In Java and Sumatra the Dutch have buiU 
palatial iaboratoriea, but these are far removed from the new, fr^h, 
wild jungle* In Ceylon the British have an agglomeration of bnild- 
ings like the United States Department of Agriculture, but it as 
Burrouiided on all aides by tea plantationSi Everywhere it is the 
destructive activity of man tliat is clearing off the jungle and replacing 
the gorgeous forest with weedy growth or plantations of rubber trees 
in rows. Hold the virgin cliaracter of Barro Colorado at all coals, 

“Tell the visitors to take it from one w^ho hits just been there that 
the conditions for studying tropical plants and animals are lietter^at 
Barro Colorndo Island than anywhere I went in Sumatra or Java-’ 
I>Avm FAiHcmiJJ- 

'^Bjirro Colorado fcland is one of the most astounding places I have 
visited in any part of the world. Its value is tremendous for scientific 
research, even for research that has economic importance* I sincerely 
ho[>e the day never comes when any of the land is devoted to investiga¬ 
tions such as are now being carrietl on in many ngricultural forest and 
range espenment stations. The virgin character of Barro Colorado is 
sufficient asset and 1 hope you will fight every move that may be made 

to change this condition*”—E, Egcleh. i * u j-i, 

“I must confess I was amazed at the systematic way in which the 
trails are laid out and posted* the filing system in the library and tha 
monv other modes and ways of doing things. I doubly appreciate 
this because I have been where mch systems were not followed, 

much to evervone’s disadvantnge*”— Cec jeok W. Phescott* 

“iTuver agafn shall I make a trip like tliis one for merely 5 wee^ 
If I cannot make a trip next summer I am certainly going to make 
every effort to get down the following one* Cay lor too, wants to ^ 
back to Barro Colorado Island and go through with our contemplated 
project of preparing a flora of the ferns of the region* We have a sie^ 
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ablo collection of ferns now on band. In my algae collection 1 dnd 2iB0 
sampless, many of which arn simply loaded with species and I have no 
idea how many will appear in the final list. I think 500 would be a 
very modest estimate and very likely there will be many more than 
that when the diatoms are included." — G eoroe W- Prescoit. 

'^Bven without special precautions, the island would seem to be safer, 
bygienically speaking, than most areas of like size in the United 
States. 

‘^Certainly all of the minimum requirements for successful labora¬ 
tory work are fulfilled on the island. In addition to these minimum 
facilities the laboratory possesses a remarkable Tersatillty of equipment 
as well as adequate laboratory space, And while it is obvious that 
special equipment to suit the needs of the individual scientist must be 
supplied by him, it is comforting to know that many laboratory necessi¬ 
ties are accessible in a small clearing in a tropical rain forest.” — ^P aul 
D. Vom. 

‘*Tlie Island is more than ever a paradise for the biologist. Living 
conditions are excellent, the food is fine, the resident staff efficient and 
courteous:. The forest offers a pageant of life which is the ideal labora¬ 
tory for the study of the pri n cip les of biology. Not on) j has it proved 
to be of great value for the undergraduates, but its worth for the 
teacher has ha rdly been real ized by more than a few, Every UTdvereity 
and college ought to send the members of its staff in the biological 
sciences for a sojourn on the island, not once penodioally^ /t 
ieottld he an economical investment in the improvement of teaching^ 
This is especially true now when all emphasis is on the experimental 
side with the result that so many workers know very little about the 
organisms with which they work. The island will be an excellent place 
for studies in plant and animal physiology. Tlie rapid growth rate of 
plants would aid such work tremendously.”— Bobebt N. Woonwoinii. 

**In addition to the value of publications based on work on Burro 
Colorado, who can estimate the influence of observations, studies, and 
photographs which have formed the basis of unnumbered addresses 
In lecture hall and classroom, or the educational value of museum 
exhibits depicting iidand lifcl In brief, during their 15 years as a 
laboratory, the 4,000 acres we know as Barro Colorado have contrib¬ 
uted more to our knowledge of tropical wildlife than any other area 
of similar extent in America — ^perhaps in the world.”—F ean k M. 
Chapman. 

THE SPECIES INDEX 

A 5- by fl-inch card index is kept for each species of plant and animal 
definitely known from the island. Each cord lists tlie scientific name, 
the major division to which it belongs, and the family name; also the 
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nune of the eollector* the name of the person t? ho made the determina¬ 
tion, when and where collected, and other pertinent detailSi 

Xhese cards are indexed first according to the major phyla—mam¬ 
mals, birds, reptilefl, amphibians, fish, arthropods, etc.—which ore 
further subdirided into superorders, ordei's, etc*, and finally by fam¬ 
ilies, Under each family the genera are in alphabetical order, and 
the species for each genus are also in alphabetical order. 

This index is iniraluable to the atudent. It is a unique record of the 
life of the island. In 1940 the index covered a total of 4,9*24 species 
of plants and animals, representing 52,805 genera. In plants alone 
there were 747 genera and 1,437 species. Since 1940 new entries have 
been made, but no c?onnt has been made of the present number, owing 
to pressure of other duties, especially those concerned with the war 
effort. A conservative est imate is about 7^XK) species. 

Extensive collections have been made of algae, fungi, and lichei^, but 
because of the war, reports on these have not yet been published, 
Trf>gtipr collections were made in other groups. A conservative estimate 
would be fully 700 speciea, 

THU ISLAND HCanAmUM 

The herbarium consists of 1,533 mounted spoctmens, rcprosenling 
806 species, not including the mosses. Th^ sheets are in genus 
covers, and the collection is arranged in four major groups, the crypto¬ 
gams, ferns, monocotyledons, and dicotyledons. In each of these 
groups the genua covers are grouped according to the families,^ end 
these, for convenience inhandling, are alphabetically arran ged, T. here 
are on band more then 2,BOO additional named specimens os yet nn- 
mounted and these will probably swell the number of apeciea to dose 
to 14 » 0 . 

The herbarium is a moat valuable adjunct to ft labomtory siich as 
ours. It does more than supplement the botanical library. Too often 
botanical literature is of little help to one not a trained botanist, and 
for this majority of students, the herbarium is what is needed. 

NXXDS 

The most urgent needs are for a concrete water tank to replace 
wooden tanks now in bad condition; new septic tanks; painting of all 
buildings, inade and out; herbarium and other storage coses; replace¬ 
ment of bedding and purchase of additional furniture; and miscel¬ 
laneous repairs to buildings: It le estimated that these present most 
urgent nee^ could be met at a cost of $16,000. 

Other needs that should be met promptly are for a more adequate 
supply of electricity; a new fireproof building to house the library, 
photographic equipment, herbarium, and records; and adequate 
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animal cages to beep Tarious creatures in captirifcy daring scientific 
inveKtigationg, 

TEKSim-FFtEE BUILDIKOg IN THE TROPICS 

Is is possible to build comfortable, well-Tcntllated bouses of lum¬ 
ber and not have a teimite hazard t The answer is **Tes ” However, 
few architects go to the trouble of getting the necessary information. 

We have 5T known species of termites in Panamd and the Canal 
Zone* Of these, 46 species occur on Barro Colorado Island* Two of 
the most destructive in the world occur here, one of which is known 
to eat through the lead sheathing of electrical cables. The rapidity 
of destruction by some of the species is incredible* Some even work 
in living trees, and we have records of fruit orchards destroyed by 
them. 

And yet on Barro Colorado Island we have buildings where we let 
the termites do whatever they wanted to do—eat up the building 
overnight if they could—and yet these buildings are in excellent 
shape. 

In 1924 we built a test house at the end of Drayton Trail* 16 feet 
square and 10 feet high, set on wooden posts extending 6 feet into 
the ground. The timber used was pressure treated with coal-tar 
creosote and with zinc chloride* The wallboard is treated with chro- 
mated zinc chloride. In the May 1947 number of Wood Preserving 
News Dt. Thomas E, Snyder, senior entomologist of the Bureau of 
Entomology and Plant Quarantine, published all details and results 
of his inspection in February of this year, showing no damage any¬ 
where due to termites, and yet termites tried to get a hold. The build¬ 
ing is in excellent condition after Si years. It is true that pressure 
treatment increases the original cost of the timbers, but it is cheap in- 
sumnoe* A building of untreated timbers would have been destroyed 
in less than a year. 

At the end of the Pearson Trail we have the Fnertes House, built 
in February 1931,16 years ago. It is set on nine posts; hence there 
5a good ventilation under the house* With the exception of the shin¬ 
gles, which are of red cedar (and need replacement), all the wood and 
timbers, including posts, were treated with zinc-meta-arsenite. The 
tables and chairs are abo so treated. There is no damage anywhero to 
the treated wood* Tlie wall board also was zinc-meta-ursenite treated. 
It likewise is free of any termite damage. Test stakes of untreated 
wood half-buried in the ground near the building were destroyed 
within B months. 

Furthermore, this zinc-meta-arsenite treated building is free of 
cockroaches. No steps are taken to keep termites out of the building, 
and no termite shields are used—hence, termites have absolute free- 
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dotn to work if they can. Vet the builditig ie in ns excellent shnpo 
as when we first put it up« Here agnin^ treated lumber costs pcrhnps 
dO percent more,, but ns it gives freedom fi'om termites, lu s few years 
it pays for itself. 

The aboYe two cases show that with treated timbers yon can build a 
termite-free bouse even where termites are extremely abuDt.lant and 
active. 

Tests on the island also show that one can build of untreated timbers 
and huvo no termite hnzai^, provided a few simple precoutiona ore 
taken. The main requirement is to build a good tliick concrete door 
wluch will extend out at Least to the line of the eaves. The floor must 
bo well made, with no cracks. The secret is to make an inspection at 
least ouce a week around this concrete fioor, and if torniitca have 
built any covered runways, introduce into tlieee runways either pow¬ 
dered calomel or finely powdered paris green. In tills w ay the colony 
is poisoned, and by watching a treated runway, it can easily be deter¬ 
mined whether or not the job was well done. It takes so little time 
and does not need superior knowledge. Of course there must be no 
leaks, either in the roof or in the plumbing. 

Of course, by the use of properly made termite shields, properly 
installed, it is possible to keep termites out of buildings. Where it is 
possible to Install them, termite sluelds ore cheap protection, but not 
all buildings lend themselves to the use of shielda. Sod poisous also 
are the answer for some type of buildings, but vigilance is always 
necessary, and inspection cannot be perfunctory. 

Circular 6S3, United States Department of Agriculture, ‘^Effective¬ 
ness of Wood Preservatives in Preventing Attack by Termites,'’ by 
Snyder and Zetek, gives a good picture of the extensive termite tests 
on Barro Colorado Island since 19^. The annual progress reports by 
Hunt and Snyder in the Annual Be ports of the American Wood Pre¬ 
servers’ Association give details of the more important of dicse tests. 
Keady 4,000 tests are involved, in addition to tlie Eowal-Dews-John¬ 
ston series noted elsewhere in this report 

nr^r of the TEBiima of fasaua asd ttie canal sohe 

In this, the latest list, 57 species are represented, and of these, 45 
are known from Barro Colorado Island (indicated by the initials 
BCI). There are IS new species which vrill be described in the near 
future by Dr. Emerson. The Kalotemiitidae are those commonly 
known as the ‘‘dry-wood termites.'' The Rliinotemiitidae am the bad 
actors, Coptoterme^ niger and BetercUrnica tenvis being eapecially 
noted for their destructiveness. Some of the Termitidae are also veiy 
destructive. This list is by no means final. We feel that at least 15 
mere species will be discovered. 
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KALOrmMmDAE (IIS) 

L (^4 Snyto. 

% ifoloterirtffl (jff.) fnar0nfpenn<« (Ii4itr«IUQ)« 

S. Ealoiermei {K.) taboffo^ Snyder. 

4, E^xtait:rme$ {Nt^otcrme^} ^o^mffr^ni Bou^i (BCI), 

5, iiafofemirf {Ncotmne&}, il ^ 

(k iTaio/fftmeff {Neoterme^}, ap, 

7- JTalolFnwtf# {RuffHermes} Snyder (BCD, 

S, Kalotemvet (/?u^7cf4»ef) pvmmae (Sn^d&r) (BCX), 

B, Kal^Urmes {Crifpi^termes) brepiartio^tm Snyder. 

10. Pernio (Crfrpfafemuff) Bank^, 

11. Eelolermei iLehUermst} Ifm^ioGllts (Bants). 

12. K&loterffws iCaie€tHtm-me$) ^retnoom^ (BacLkB) (BGI). 

3Ut. Jialol^rme* (<7a/i?arift?rme#) emarffinieomt i^i^j^t} (BCI), 

14. E^lctermes iOtpptoicrmes] augu^iivt Snydar. 

35. Kfilot^mcg {QluptQtermGt}, o. ep. (BCIh 

HHtSOTERMITIDAfi (5> 

C^ptoiermee niper Snyder (BCI)^ 

IT, B’eleroferwias Imuii (Ha^en) (BCI). 

15, E'eierof-mne# cfiMtwxfnnfa^Ew (Snyder) (BCI). 

i'S. Prorhinotermes Snyder tBCl>+ 

20, KAfnPfmnei (itj lonffidens Snyder (BCD. 

TERMITIDAE (8T) 

21. CamUrrmes (C.) afrlpnirlAu# r^^peJ^H^ var. WffIJSferi Snyder (EC;i)i. 
£2 ArmUrnTne* (X) armiffera (Motedu) (BCl), 

23. (A4 Snyder (BGIK 

2L Jirmiterme* {Ehifnehotcrmesy pcrcmatus Stij'der (BCD- 
25. NaMsiiterinet (J?.J c«Iiini6<™4 (Hoirngren) (EOI), 

23, N^utHermi:* (Jif,) (Metsclu) (BCl)* 

27, 2itaMUtil€rmeM (*’4 ephr^tiae (HnlniKren) (BCD« 

2S. Eantilcrmei (^^) piUfrtms (HolragiienJ (BCI). 

20. (^SifduUfemet) kirbyi Snyder (BCD* 

30. yojutifcr^r^ seteki Synder (BCD- 

31. Ni^titermcs h n, sp. (BCI), 

52. yasutUermeg {Obt^isHermeg] paTt^mee Snyder (BCI}. 

33. EaguiUermeg {OKmeexitermet} eteoeUtndi Snyder (Bd}, 

34. NmtiUtermeg {UniformitermeE) baTTocotoradoenglg Snyder (DCI}p 

35 . 0uHild1^^1^rm^g Snyder (BCDp 

35. Amifermer (A,) ftenyimmlf HnnkB (Bd), 

37h AtAitermeg (X) med^uf Bank$ foreii Wnemnnn (BCD- 
sa Af^jaJnlerTfier (X) praeUig Snyder (BCI). 

39. AnopleiermeE {A.} jidn^u# Snyder (BCD. 

40. Anoplotermes (A.), n, ep. (BCD. 

II. Anoplatermet (A.), n. sp, (BCD* 

42. Anifploiermei (A.), n. ap. (BCD. 

IS, Anoptciermeg (X), il ep, (BCI). 

41- Anoptotermeg (X>^ n. gp. (BCl). 

45. Anoptotermeg (X)^ n- ntx (Bd). 

4a. AfinpMi^nnet (X)^ □. sp. (BCD- 
4T. Aiiopki(e™et (X), n, ap. (BCD. 
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4SL Anapi^t&rma il sp. 

4^. Am^plotermeM (i.), n, 

CO, MoplQt€rm€* ^ il sp, 

5L jWicn^cfiToltrmea drtoereiit Eiaiemu (BQI]i, 

0^ Mimc€rviertnet €^<ffUUM CBCl). 

53. (J^.) A^^^WMi^oIa« (BwikB> (BCI). 

§4, Ta*mcM (JlJ pmammtU (Eoj-der) (BCI>. 

55, Tmne 4 (T.Jpii. sp. (BOl). 

53. Ori/*i!?p«diA3f«mpt ifhe^irH ^oirder (BCD. 

57. Vajpriicrm^ {Ncocapriimfie*) o«njnill# Soydep (Bd)^ 

HM^TAJA^ TKMPKBATUBEBj AI0> REttAn^'E HUlEIDlTYi 1040 

In the 22 years of record, 1&46 y?a^ the third dric^ year. The rain¬ 
fall amounted to only 61SB inches^ shoiring a deficiency of 21,43 incheg. 
This deficiency ^as most pronounced in the wet seasonj amounling to 
17.93 inches. Only 2 months, July and September, had an excess, 
whichp however, was very slight—0.77 and 0.20| respectively. There 
was a total deficiency of 3.50 inches in the dry senson, January to April, 
indusive; only March showed a small ex^ss—0.25 inch. February 
was the driest month (0.32 inch) and November the wettest (14.03 
inches). Table I gives the total yearly rainfall, and the station aver¬ 
age, for each year from 1925 to 1946, inclusive. 

TxtLS 1 ,—Annual rainfeUt B^rro hland^ Canal 
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1Q34 
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107. 04 
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103.84 
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194S_...... 
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Table 2 gives the rainfall by months for the years 1945 and 1946, the 
station average for each month, the excess or deficiency for each month 
and the accumulatod plus or minus, and also the maximum rains each 
month for 5 and 10 minutes, and 1 and 24 hours. These maximum 
values are consecutive wherever that maximum occuired; hence the 
24-hour record is not necessarily from midnight to midnight. 

Table 3 gives the number of hours of rain each month for 1946 
and the total amount in inches, and then these data separated into 
the four 6-hour periods* These data are of interest in that they indi¬ 
cate wlien most rams may bo expected. From 6 a. m. to noon there is 
less rainfall than from noon to 6 p* m. 
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Table 2 . — Comparitan of IS 4 S and tD 4 S rainfall; and maaimtitn rain* for tfmii 
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Tahu 3v— E afn/all JD 40 , Tolal number of Aours of rain and amount in Inclicf 
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Table 4 ^tcs a suminary and analysis of the 1043 rainfall for the 
entire year and for the dry anti wet seasons, both as to hours and days, 
percentage of the total possible hours (if it rained every hour), and 
these data are signiScant^ With EO much less rainfall in the dry 
season, and particularly with so high a dedcicncy, the animals have 
a liard time getting food, The peccary in the dry season is noticeably 
thin —very different from his condition in the wet season when food 
is more plentiful. The effects of moisture are profound. This strug¬ 
gle for food is also reflected in the rate of reproduction in certain of 
tlie mammals. A bud year, deficient in mlnfaU and in food, increases 
the rate of reproduction, and conversely, a year of abundant rainfall, 
an abundance of food, shows in some mamntala a falling off in this 
rate. 
































































REPORT OF THI SECHETART 


147 


tA wri f 4 .—anA analvtU of tite tSiS rafJtfaU far the year, anrf /or Jrte 

dr\f and Mcaioiis 

C:^TmE TEAS 

Total hours of rain-__ __—- - 

l^rceDtage of totai posa^hlo honrs-^-^——- 

Total daya of mlJj-——-^— --- =-- 

Percentago of total posslblo ---— 


__ _ 832 

_____ &.GO 

___ 233 

__ __ 63^ 


DAY BEASOW 

Total hours of ratii*^^,—-- ----— 

PoToentHg^ of total posslhla 

Total days of ihId———«—-— --—— 

Percfatago of total possible duya-*-^^,-— --- 

Amount of rula lo tiurlies.- -——*-- ---- 

PojTCDtago of total rainfnll for ---—- 


102 

3.54 

44 

3.30 

A45 


WET BKABOJf 

Total hottra of min — ^— -—— - 

Percontagfi of total posathle houto^-— -- 

Total (Inj-a of calu-^--—— 

PerctfDtfl^ of total possible days^^ — — - - 

Aifioi^il: of rain in Laches^——^- —- 

P^rccDta^Q of total rainfall for jeftr____.^.-. 


T30 

12,42 

__ IfiD 

77,14 

SS.40 

&5J55 


In table 5 are giveii (1) the ntitnbcr of hours and the nmount of 
mina of 0,40 inch or more per hour, for each of the four O-hour periods, 
and {3) the three heaviest isim each month (midnight to midnight). 
Kaies of 0.40 inch per hour, if rather evenly distributed, tfUI not 
seriously homper field work, but if such rains come down in 5 minutes, 
it is another story. 


TABJ.B a.—Tfte (Arce hca^eat raint eacti moitiji and number of hmn ami onujunf 
cf raijvt 0 / 0-4*^ mone bosr for 
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During the dry season, there were no rains of 0<40 inch per hour 
during 1917, and only 51 such hours in the wet season, amounting to 
40.68 inch^, or 46.6 of the total rainfall for the year. And these 
40.68 inches fell during only 6.1 percent of the total hours we had 
rain. This means that Uie balance, 46.70 inches, fell during 781 hours, 
or an average of only .06 inch per hour. The three heaviest rains each 
month Bmounted to a total of 45.50 inches in only 36 days. This leaves 
only 41.70 inches for the remaining 107 days. 

Considering now these three heaviest mins each month (midnight 
to midnight), we have the following interesting data: 

Dry season: 12 day^, tiicNs, or 792 percEiit of the dry Beason tots]. 

Wot season: 24 days, 42.53 Inches, or 50i> pero?nt of the wet season total. 

The yea r: 36 days, 45,61 Inches, or &£ petoetit of the 3'ear''a total 

The remaining days when it rained show: 

Di 7 aeoBon: 32 dajs, 0.32 lodn, or a c Average ot 0.01 Inrb per daj- otf min. 

Wat aeaaoh: 165 days, 40.90 tnehes^ or an arei-age of 0240 inch ver day of raia. 
Ttaaycar: 197 dnySt 41^79 inches or an aTerage of 0212 Inch per day of rain. 

For comparisonj the following t 4 ihle 9 prt^ntedj covering the 
rain full for other localities in the Canal Zone and Bcpublic of Pan anti 
data on temperatures, relative humidities^ barometric prCi^res^ etc. 5 
and the maximum and minimum yearly rains of record for 19 impor¬ 
tant localities. These data are taken from the reports of the Chief 
Meteorologist of the Panama Canal» They give a better understanding 
of the climate, and it is only to be regretted that comparable data are 
not aynilable for a great many more localities in the Sepublic of Pan¬ 
ama. To an ecologist} these data are of inestimable value. 
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TAEts t.—and fnlntmifm rafn/BlI, S^rto ColwaAo laland, IBiS to HiB 
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TABtx 10.—^Tcmpentfurei and relottve hiimiditif, JIalboA Heights 

(N, F.} anil Cristobal (XBal), 1946 
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TabU$ 11.—ira*iw»f»rt tmd mfiilmHm- twinual ralrtfall of record, in inches {1946} 
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inurgq inaia 

Crtslobal _IS3. 41 80. 54 

Porta Bella _237. 2S llS 04 

Puerto Arrmie£l« 

(Ghiriqiii) 132.32 58L 03 

Santa Rosa. (Cocle)^ 77. 20 4S, 58 

Tono^i (Loa Santos). 141. 03 5L 25 

Saliimanca _ISO. 43 Ga D6 

ChiilMo _134. 23 72. 63 

CatifJelart&>-^_1S4.0S 101.79 

Pduca*__na 04 9L 14 


FISCAL EErOHT 

During the fiscal year 1047, $1G,005.SS was available:, none of which 
was appropriated by Congress, Of this amount, $13,140^30 was spent, 
ieuving on band ^,D55.60 to begin the new fiscal year. In addition to 
this, $3,183,0G is still on deposit, representing local collections, a total 
of ^,139.55, to which will be added the few table subscriptions, an 
amount inade^iiute to take care of running exjienses. 

During the year $4,403.96 was collected as fees from scientists for 
board and lodging, fees from visitors, and similar items. It is hard 
to say how much will be collected during the 1948 fiscal year, but it is 
almost certain that it will not be sufficient to carry ns through the year. 
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support of the Laboratoiy through the payment of table fees: 

Amertcao MUiMUm ot Natnral -—.—— fSOftOO 

Eastman Kodak Cbmjmay^---- - —-- 

Hni-fard Universliy— --—,-*---—- MR. 

New York ZoologEcal Society--—-—-- 300, 

SmJtluonlan ZastUntlon-------— 800. 

Un iTCrelty of Qitcago__——--- -- -— - 300. 


It ia believed that more scientists will now be able to come to the 
island, and it is therefore imperative that more institutions and oni' 
vemtiea should help support the laboratory through table subscrip- 
lions. It is gratifying to report that Easttoan Kodak Co. increas^ 
their subscription to $1,0Q0 a year. 

Bespectfullj Bubmitted, 

Jaheb Zathe, Rmdeni Mmageir. 

Dr. AnEXANOER WeruoRE, 

Secretary, Smithtonian /nsftfirfion. 


77T4Sa—tl 
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APPENDIX 11 

REPORT OX THE LIBRARY 


Sot; I have the honor to submit the following report on the actiTlties 
of the Smithsonian library for the Bsctx] year ended Jane 30,1947: 

In this second postwar year of rehabilitation the work of the library 
was not greatly different in Jdnd or amount from that of the prerions 
year. Books are integral parts of the world of practicaJ affairs as well 
as of ideas, and their production, distribution, and use, os well as their 
conception, foUow the changing times. With the coming of peace 
there began a rise, not as yet very sharp, in the number of new books and 
serials important for the library to acquire. Prices rose and are still 
rising. The purchasing power of the inelastic allotment of book funds 
has correspondingly decreased. Paper shortages continued to limit 
the aise of editions, and not a few new books went so quickly out of 
print as to make it dilhcult to get those for which prepublication orders 
had not been placed. Many fine and desirable works came into the old 
book market but prices were too high and funds too small to make it 
po^ible to buy more than a few of those most immediately important to 
the work of tlie Institution. 

Among the more noteworthy of the 1,693 purchased books were the 
following; Description Methodique du Musde Cdramlque de la Manu¬ 
facture Hoyale de Sevres, by Alexandre Brongiart and others, 1845; 
Mammals of Amazonia, by Eladlo da Cruz Lima, Tolnma 1, 1945j 
A Monograph of Oriental Cicadid<j(e^ by William Lucas Distant, 2 
volumes, 1889'92; Histoire de la Locomotion Terrestre, lea Chemins 
de Per, by Charles Dollfuss and Edgar de Geoffrey, 2 xolumes, 1935; 
Illustrationcs Florae in Insula rum Maris Pacifici, by Bnunanual 
Brake del Castillo, G portfolios, 1886-92; The Royal Corameiitaries of 
Peru, written originnlly in Spanish by Garciloso de la Vega, el Tnea, 
and rendered into English by Sir Paul Rycaut, 1638; Hietoire et 
Technique de la Montre Suisse de ses Orjgines fit Nos Jours, 1945 • The 
Etched Work of Whistler, Illustrated by Reproductions in Collotype 
of the Different States of the Plates, compiled, arranged, and described 
by Edward G. Kennedy. 1 volume of text and 3 portfolios of plates, 
1910; The Artists of America, a Series of Biographical Sketches of 
American Artists, with Portraits and Designs on Steel, by C Ed- 
wards I^ler, 1846; Tlie New World; the Firet Pictures of America, 
made by John White and Jacques U Moyne and engraved by Theodore 
1S2 
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De Brjj irith Conlemporary Niirratives * • • edited wid an¬ 
notated by Stefan Loranty 1946; Thomaa Nast, bis Period and his 
Pictures, by Albert BigeloTv Paine, 1904; Denmarks Fugle, by E. Lobn 
Schiller, 3 yolumes, 192S-^1; De Vogels yan Jfederlandsch Indie, by H. 
Schlegel, 3 parts in portfolio^ 19S3-6G; Tlie Yoj age of Gregory SUelck- 
hofj a PuEsian ilercbiintj f l om Okhotzkj on the Eastern Ocean^ to the 
Coast of America, in the Tears 17S3, 1734,1785, 1786, 1787, and bis 
Return to Russia, from his own Journai, 1795; Fregjitten Eugenies 
Eesa, 1851-1853, under Befal af C* A. Virgin, by C. J. A, Skoginan, 
2 yolumes in 1, 1854r^5. 

Gifts of the year came from 230 diflcrenl donors and included 
somo of the most useful additions to tlie library* Reprints and 
separates on special subjects from scientific and technical serials are 
indispensable working tools of tlie diflcretit divisions of the Institu¬ 
tion, and the gifts of Dr* Eay S* Bassler and of A* B. Gahan of their 
persona! collections of some 1,500 pamphlets each, on geology and 
on Hymenoptera, respectiyely, were most appreciated additions to the 
sectional libraries of geology and of insects Paul Garber^s gift of 
147 books and pamphlets on aeronautics greatly strengthened the li¬ 
brary’s working collection of material in that field. As usual, the pub¬ 
lications generously turned over by the Anierioin Associatiou for the 
Advancement of Science and by the American Association of ^luseums 
supplied considerable material not receivefl from other sources^, and 
furnished numbers of useful duplicates as well. The library is deeply 
indebted to all its friends at home and abroad who haye su kindly 
made contributions to its collections. 

Tlie total number of publications recorded by the accessions di- 
Tisioa for the year wa 5 ? 62,137, Of these, 14,607 came through the 
Internatiorinl I^cliange Service, almost three times as many as in tJie 
year before. With Uie gradtml return to more nearly normal condi¬ 
tions it ifl gratifying to find in how many case^ the oontuiuity of sets 
of foreign serials published abroad during the war will not be broken 
in the library because of tim care with which they were reserved^ 
stored, and later sluppcd by the iDstitutions with which wa were in 
regular exchange before the war. This encouraging aspect of the post¬ 
war 9ituation, however, docs not mean that there are uot^ unavoidably, 
a distressing number of series that ceased publication altogether dur¬ 
ing the war, some of them probably never to be res^ifticd. 

Tlie filling of gaps in serial set^ foreign and domestic, current and 
old, requires eternal vigilance, and most of the 6,812 pieces received 
in response to our 589 requests were numbers of pneriodical^ needed to 
fifi 5uch gaps, and were obtained chiefly in exchange. New exchanges 
arranged were 2 SW. 
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Of tho current accessioug, 7,265 were eatalog&cl or entered ag addi¬ 
tions to the Smithsonian Deposit in the Library of Congress, and most 
of these weiis additions to the great Deposit sets of publications of 
scientihc institutions and learned societies, so important to research. 
Some of lliein were continuations of series that formed part of the 
original Smithsonian Deposit in 1866. In addition, all documents, 
dissedations, and other pnblicatioi^ on subjects not found to be of 
Immediate interest to the Institution were sent directly upon receipt 
to the Library of Congress, and they numbered 18,422. 

Host but not all of the 10,741) publications transferred to the Depart¬ 
ment of Agriculture, the Army Medical Library, the Geological Sur¬ 
vey, and other libraries of the Government, had been received during 
the year. 

Our large collection of duplicates continued to be drawn upon in 
aid of destroyed libraries abroad, and 31,781 pieces were turned over 
to the American Book Center for this purpose. 

The cataloging of currently received material was well kept up on 
tlie whole in spite of the handicaps of inadequate staffing of this 
vitally important part of the libraiy^g work. There is always the 
problem of the huge “backlog^' of poorly or completely uncataloged 
older material, which is not only serioug in itaelf but which inevitably 
slows up some of the work of cataloging new mater Sal which is related 
to it. 

The bad housiug of the library continues to be the most obvious 
and distre^ing of its problems. The progressive deterioration of Sts 
fine collections caused by overcrowding and lack of funds for binding 
is deplorable, while the madequacies of its reading and reference rooms, 
the scattered and ineonyenient locations of Ua shelves and stack rooms, 
and the absence of proper work rooms for the staff, all make its 
service to tlje Institution increasingly dlfEculL 


eTAnSTICfl 


Volcmifii 


T0!ji1 
rHdr\i«d 
VnllJEDi* 
jiiELP sOi mi 


Aitn)|vh^ltAl Obte^toTT (JndtidlnK HsiliftlUra Md 0diait|£i33>.„ 

aiuvau of Anuria EUmeMsy^—-——_ 

Trftt flsdliT>‘irf Art...... 

CoilHt^ or Arti,___ 

NfltIPMl A1u*fua........ 

N’lUofuJ KsoAoflcftJ Pari;-...___ 

SmJtftiifliEan at tiso tH™y 45fraH(rft« ... 

fiBilthsociBn Omw. 


as 

llA 

m 

m 

24 

inm 

320 


».4a2 
33; m 

2*0,107 

4,m 

aZiiSA 


TotaL.. 





















REPORT OF THE SECRETABT 155 

Neitlier incomplete Tolumes of periodicals nor separates and reprints 
aro included in these figures. 

Exckatiffrs 

New Gxelianges amiDged ----- 2d0 

Bl of Wire oasigocA to tlit SmltMoDlim Dipo^Lt Id tlie Libnir? of 
of Congress. 

Specially reqaestec] pabUcntfODs received -- —— __ (J, S12 

of tbe^i were obtBlii^ tx> flit gaps In ttie Stulibaonba £>epc]^t 

Site. 

Calofoyfnp 

Volumes and pamphlets catnlogid --- --- — 0^014 

Cards added to catologa and gJaclf ISsls^--- 35^708 

l*cn-i>dfortlf 

FirlodLcal parts entered— ___ _ _ _16^481 

Of these, 4JQB were aent to tbe Solth^nlan DopaslL 

Cfroulotton 

Loaca of hoohs and periiidlcals-—-- — — —, fl,534 

This figure docs not InclDde the Lntramnral elreulatloo of bookn nnil 
porlodlcflls filed In 81 sectional libraries^ of which no count is kept. 

Binding 

Volnmes i»nt to the bindery™. ____ 618 

Volumea lijiaircd in the MuseimL.. _______ 1^0(51 

Respectfully submitted. 

Lkiu F, CLAUK^Zii&raAan. 

Dr. Alkxand^ir Wktmobe, 

Secr^tarff, Smtthi&nian Institution. 














APPENDIX 12 

REPOET ON PUBLICATIONS 

Sir : 1 liave tha honor to submil: tbo follo'^ring re|X)Ft on tba publi- 
Cfttions of tUe^ Smitbsoniim Institution and its brunches during the year 
ended June 30t 1S4T, 

The Institution published during the year 26 papers in the Smith- 
Bonian MiscellaneouB Collections, 1 Annual Bepon of the Board of Re- 
geuta and pamphlet copies of 22 articles in tlic report appendix, 1 An¬ 
nual Report of the Seei'etaiy, aud S special publications. 

The United States National Museum issued 1 Annual Report, B Pro¬ 
ceedings papers, 3 Bulletins, and 2 separate papal's in the buUetln se¬ 
ries, Contributions from the United States National Herbarium. 

The Bureau of American Ethnology issued 1 Annual Report and 1 
Publication of the Lnstltute of Social Anthropology. 

The Freer Gallery issued 1 pamphlet, I paper in its Oriental Studies 
eeries, and 1 paper in its Occasional Papers series. 

Of the publications there were distributed 158,120 copies, which in¬ 
cluded 35 volumes and separates of Smithsonian Contributions to 
Knowledge, 50,353 volumes and separates of Smithsonian Miscellane¬ 
ous Collections, 20,BS0 volumes and separates of Smithsonian Annual 
Reports, D,0DS War Background Studies, 23,233 Smithsonian special 
publications, £2 reports on the Harriman Alaska Expedition, 34,95£ 
Toiumes and separates of National Museum publications;, publi¬ 
cations of the Bureau of American Ethnology, 237 publications of the 
Institute of Social Anthropology, 5 catalogs of the National Collec¬ 
tion of Firie Arts, 2,501 volumes and pamphlets of the Freer Gallery 
of Art, 20 Annals of the Astropiiysical Observatory, 374 reports of 
the American llistoHcal Association, and 3,476 miscellaneous publi¬ 
cations not printed by the Smithsonian Institution (mostly Survival 
Manuals). 


SSMITHSONIAN MI3CELlLA^■^t:OUS COLLECTIONS 

In this aeries there were issued 1 paper and title page and table 
of contents in volume 104, whole volume 106,18 papers and title page 
and table of contents in volume 106, and 6 papers in volume 107, as 
follows: 
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VOLUME IU4 

Ufo, 23 (end ot volume). The Oedurtowo. G€?orflM, meteurltCp b>“ SiuuJt HI 
Percy, 4pL&, (Pdbl. 3344.) An*, Ip lG4d. 

Title pdi*e and tnblo o£ contents. {Pnbl. SS£^1,) Feb+ Up 1947, 


YOLitMz: lOG 

World Weather Bijcordsp 1U31-1940, by fl. Hvlm day too and Trances L. ClftjtacL 
i + &*e pp. (PubL am.) Apr. 4p X94T, 

YOIAJME 100 

No, 1. The birds of San Jo6^ and Pedro Goiirate^ I^JandBp BepubUe of 
by Aleiniidcr Wctmore. (SO pp.+ 4 plfl. {PuhL SSlIi.) An*, 5+ IftifL 
No. 2. The vegetation of San Jos4 Istundp UopatlJc of PamnnAp by 0« O. 
Srianson. 12 pp., 2 1 (Pqbl. 3B40^) July 18^ 1948. 

No. Cl Eclilnoderins tmm the Pearl Islands, Bay Of Panaml, wttb a revleSon 
of the gmm Encopey by Auatln H. Clark 11 pp.| 4 pis, (FubL 3S40J July 18^ 

1946. 

No. 6. The uunmarlno mollnalEa of Ban Jos4 Islftadj with notes on those of 
Pedro Gon^lez Island, Pimrl Inlands, ParmtaA* by J* F- ^ Moixlsoii. 40 pPr+ 

3 pU- (PxibL SS50.) Sept. 12, 1944 

flo. 7. Mammals of San Jos^ Istind, Bay of PanaiM, by Remington Kelloggs 

4 pp. tFubl.3351.) Jnlyl41&14 

No. flw Turtles collected hj the Smlthsonlhn Biological Survey of the FanarnB 
Cana I Zonev hy fi^arl Fatte raon Sehmldt. 9 ppi^ 1 pL (FnhL 3S£i2^) Ang. 1944 
No. 9. The Hpeeks of Plattfcopia Bara (Copepoda. Cahmolda)* by Mildred 
StrKttoD WllaoiL Id pp.H 2 figa. iFubL 3S53.) Aug. 23p 1944 
No, 10. A reexBjntnjitloa of the fo^ll humuh altdetal r«raalna from Mclbonme; 
Flortda, Uy T, D, Stewart 2S pp.. B plfl,p 7 flgs. (FtibL 3B&4,) Aug. 9« 1944 
No. 13. A new eamivoroao d!ao*ftur from the Uince formation of Montana, 
by CharlM W. Gilmore. 1& pp.p 4 pla. iPubt »8o7J Sept. 12^ 1W4 
No. 14. A new duaeunilerlld dsb of the gentia JmlNiHtu from Bermnda, by 
Lula Bene BLvai. 4 ppi,, I pi., 1 11^ tPubl. 3S69.) Nor, 22, 1948. 

No. 13, Ladybeetloa of the genus EpUochitQ ^sens. lat.) In Asia. Europe, nnd 
Aiistrollfi, by G. a DIeke. 1S3 pp.p 27 pla. (Publ. 3360.) Jaa. 20,1947. 

No. 14 New blrdo from C!olombla> hf Aleiandet Wetmore. 14 pti. (Ptibl. 
3382.) DecL30;1944 

No, 17- Some new Cunbrian bellaropbont ^istroppd4 by J. Brookes EnJgbt 
11 pp., 2 pits. (Fob! 9385.) Jan. 3, 1947. 

No. IS, On Ehe evolutionary aignifleanee of the Fjcnegonlda. by Joel W. Hed$~ 
peth. a3pp.,lpl./148gu, (FnbLSm) Mar. 24,1947. 

Nb+ IP, The lamina tertalaalia Jtnd preoptJq receas of AmphiblUi by Albert 
K, Beofio. 9 pr]y, 4 pla. tFuhl. 3S6T.) Jan, 27,1&47. 

No. 2D. A monograph of the West Atlantic molluakg of the famtly Arlldldaev hy 
Paul Barta«di. 29 pp., 4 plA tPnhh 3m) R?b. 24, 3ML 
No, 2L Developoioiital physiology of the gruRa seedilug. II. Inhibition of mean- 
cotyl elongation In varlonji graBses hy red and by violet light, hy Robert L, Welu- 
trauh nnd Lccniard Price. 13 pp,^ 5 figs. (Pdbl, 93<^-) May S, 1947. 

No. 22, Solar cydes, hy H, H. CSajton. IS pp. 9 figa. (FubL 3S70.) Mar. 4 

1947. 

Til le pago and ttbl v of contenti. ( FubL 3S99.) June 11, 1947^ 
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VOUmZ 107 

No. 1, Tho KthnogQosra.^mt Board, bj Woadell Clark Beaoett. 135 2 ngs. 

(PuliLSaSfi.) Apr. 14. iDiT. 

No. 2. Tb^ tbomdc of tbe cockroadi (^cr^eana <L.)p by 

G. S. CarbooelL 23pp,p8pls. {PubL3S»0.) Maye,l&47. 

No. 3. 194G-1047 report on tba 2T.0074-dfly cycle in WasMo^oii precipitation, 
byaO.Ablwt. Slip, (PubK3S82.) Mftr. Jl. 1&4T. 

No. 4 Ttie nun's short rc^lar TdHatlon nnd Us Inree effect Oh terrestrial tem- 
pemturcsp by C. G. Abbot* 3^ pp.p 12 figa. (PobL 3893.) Apr, % 1047, 

No. 5. Ttie dute^f and edtCluJie of Curtis^ British Entomolorgyp by Eieliard E. 
Blnckwcldcr. 1>7 pp., 4 pts., 15 figs. (Pnb]. 3S94 ) Juno 12,1£H7. 

Na fL Pj-ehlstoiy and the Missouri Valley deTelopment program; Summary 
report on tbo Missouri River Banin archeologtcnl suiroy in 1943. by Waldo li. 
Wcdel- XT pp.. 2 pls,p 1 flg. t Publ. 3eJS,) Apr, £3,19lT. 

SMtTHSONLVN ANNUAL REPORT 

Rep&rt f&r J545.—Tlie complete volume of the Annual Report of 
the Board of Regents for 11>45 was received from the Public Printer 
December 4,1SH6: 

Annual Report of tbe Boarc] of Regents of the Sninitsenlan InatinillGD abowJng^ 
the operations, expend!titrcA nnd condition of tbe iDStItntlon for the year ended 
June 3d* 1915. lv+484 pp., SOpla,, 23 figs, (l*ubl. 3S1L) 

The general appendix contained the following papers (Pubis. B818- 
3839); 

Our rerolvlng “island rmlversc'' and Its spiraling connEerparta, by WUllnin T. 
Skilling. 

Medical uses of tbe ci'ctotron, by F. G. Spear 

llrlnklng wntor from sea water^ by W, V- GonsoLaslDH N, race, and A. lyy. 

Plosi ICH and moEnls—eoiupetltorn or coIlnbaratorsT by G- K, Scribner. 

Tbe tnl&eral iF^altlon of tbe United States and tho autlook for ibe futtirOr by 
Elmer Pebrsen. 

Japanese eartbi^nakes, by H, Heot. 

Conquest af the Northwest Passage by B. C. M. P. schooner ROefc, by J, Lewis 
RobLpsoh. 

The New Ruginnd hurricane of September 1044, by Charles F. Brooks and Conrfid 
Cbapmam 

CoiuserrSng endfloyefed wildlife spct4esv by Hartley IL T, Jaokson. 
lAviog with the boll weevil for fifty yeatA by U. C, Loftiu, 

The lndisi»ensubte haaeybecp by James L HamhlotOfi. 

The Umportatii^ of plants, by IVUllaai J- Robhtiti. 

Fungi and modem ufTaini, hy J. Itnmsbi^ttom. 

The IntrodnctlDQ of abacd {AInnIla hemp} Into Uae Western Heuiiaplierep by H. X 
Edwards. 

Gmwlng rubber Id UnllfomLa, by R R Perrj^ 

Tta Inking abont race, by S. L- Wnshhlim^ 

A mdiiuo pretaistorle Irrigation project* by Henry C* Sbetrone* 

Concepts of ibe sun among America ei InillDos, by ]M. W. Stirling. 

Human problems In military nvlntlan, by Detler W, Brotifc. 

Blood and blood derlTatlves, by Edwin J, Cohn, 
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The mlcreblotles, by Jobti N, McDoenolL 

A brief OTBuuir^ of tbe 3inithso»Ian lo^tUutioq''^ part In Werld Wnr IL 

Report for IBiS .—The Beport of the Secretary^ which Incliidcd the 
financial report of the executive coromilteo of the Board of Eegents, 
and whicli wil] form part of the Annual Baport of the Board of 
Regents to Congress, was issued January T, 1947: 

Heport of tbe Secrtitiiry nf the SmltliBonlan lastlttitlon nnd flnoaeJol report 
of the cohiinttte of the Boaril of Befcnts for the year ended June 30^ 

i04a 1I+1S4 ppw 2 piH. iPubi. 3S0id ia4r. 

The Report volume for 1946, containing the general appendix, was 
in press at the close of the year. 

SPECIAL PUBLlCATiOKS 

The a rat hoadied yeara of the SmltbsOoiaD 1643-1048+ by Webater 

P.Troe. Fin+etpr^^il pla, (PubLC) Aug. 1(\ im 

The Smltbaoaaazi lost I tut Ion edUtea «f etchings and drypolnta by Charles W. 
Dahlgreeii. CataloguG. 19 pp, 71 Ulufitiatioas. 104(L 

Classified Hflt of SmithsaalBn publleatlDns a^niible for distributtoo iNwua- 
ber 1, 1048 h eompSltd by Hoieq Munroe. C3 pp. (PobL 3$:^.) l&iB. 

PUBLICATIONS OF TBE UNITED OTATKS NATIONAL MU3EIIM 

The editorial work of the National Museum has continued during 
the year under the immediate direction of the editor, Paul H* Oehser. 
There were issued 1 Annual Report, S Proceedings papers, 3 BuHetins, 
and ^ separate papers in the Wletin series^ Contributions from the 
United States National Herbarium. 


EEI'attTS 

oa the proEresa onii condition of the UaUed States NiiUoual Slusc^tim 
for thoyear en Jed June 00, l&IO, lU-hllS pp, Jan. 14,1947^ 


iTHOcm^niNOs: volume oa 


Title page, table of conteata, Hat of lllustiiitlona, and indoL 
mt. 24,1047. 


VOLUME ae 


Fp.i-Tnj,ei^P47. 


No. !T200. Eight new apecles ot cbfllcld-flles of the ganua PacudG^hifCUs Clattsen, 
with & key to the specl€!a, by A. B. OfllmEL Pp. 311-327^ Nov* 22^ IWOL 
NOi B2ttL Now ccrutnbydd bcotlef balon^Dg to the tribe DlstenilnJ from Cen- 
tml and Soatb Ameiict, by W, S. FUhor, Pp, 320-333v Nov. 2S, lOiB, 

No. 3202: JfacA«erofdM cothm Matthew, the Hibertooth creodoat of the 
BHdger Eocene, by C Lewis GailiL Pp, 335-347, pie. 45—10. I>ec* 10i 1943. 

No. 32C0. Review of some cbolcfdold EGnera rdatod to Ceroi^cpJIaltf Westwood* 
by A. B. GfthaiL Ppu 349-370, pis. 47, 48. I>ec 31.1048. 

Na 330L A revlidon of tbe genera of mnlletA flshw of the famUy Mo^Uilae. 
with CescrlptlonH of three new genera, hy Leooanl P, Sehqltr, Pp. 3Tt-SS?ji 
2S-^ Dec. 0, 1043^ 

No* 3205. The pborlil fllea of Qmm, by a E. BoharL Pp. 307-418, 
33-ta. Feb. 17* 1047. 
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VOtiTHtE B7 

Na 8209. Ktw eeraiBbyctd bel<snilug to the tribe BbSeotra^nl* by 

0, Fisiier. 47-Ci7^ Jime Oy 1&47. 

BULliETlNe 

No. ISO, part ID. Birds of Nortli and Middle America. ranaJUea Craddso, 
Telraonldae^ Phadanlditep NmniiUdaep Meleagrtdldae^ by Hebert Bld^ay nart 
Herbert Friedmsim, PPh I'lrU, 1-1B4. H^. 1-2S, Doc* 18; 1&461 

No. 101. Life hlBEorlea of North Amertcati Jays, crowBp and titmlccp by Arthur 
dercIaDd Bent Fp. i^xi, pis, 1-68. Jan, 27,1S4T. 

No. 192; The opeFciilnte lund moLlusks of the family AimulartEdae of the 
tslaad of Hispaniola and the BalnuDa Arcblpelai^Op by Paul Bart^. Fp* 
pla 1-38. Oct. 3^ 1946L 

OONTttlBUTZOXS FROM TSlS ■DNITOO STATES NATIONAL lEERDARJUM 

TPLOME £9 

Part a. The American species of section ^p^aeroefoniunp 

by Or Y. Morton. Pp. 133-201. Apr. iS, 1M7. 

VOLTJME 30 

Part, 1, A botnidcol blblfo^phy of the islatids of the Paclbc, by Elmer 
Merrill. Pp. 1-8^ A aabject Index to Eilinor Blerrlira "A Botanical BlbU- 
n^pby of tbe isinnda of the Pacific." by Egtwrt H. Walker. Ppu 323-494. 
JE¥h- 25. 1047. 

PUBLICATIONR OF THE BUHBAU OF AltfERICAK ETHNOLOGY 

The editorial work of the Bureau haa continued under the immedi¬ 
ate direction of the editor, M. Helen Palmer. During the year the 
following publications were issued; 

Sixty-third AnnuaL Keport ef the Buroan of American Elhnalo^p I31S-1M6L 

12 pp. 

rnstlfxLte cf Social Anthropolog^r Pobb No. 3. Mocha, a reraxifln coastal com- 
rounUyi by John GfUln. 16S pp,. 20 pls-. B ftgs., 1 map. 


FHEEB OALLIRY OF ART 

The Freer Gallery of Art issued three publications, as follows: 

The Freer GnJl^ly of Ifl pp.+ 7 pl-H.p 3 D^. Jammry IIMT. 

A descrlptlTC and UluatratlTC catalog of Gblaese brun^ acquired durlbiif the 
adminJstratLon of John EllerEOEi Lodae. cooitilied by the Btaff of the Freer Galienf 
of Art. Oriental StudlcSt No. 3, lOS pp., frontispiece and 30 plSL, 47 figs., 2 mapA 
CPubl.8S03,J 1548, 

The Graod Empr^ Dawas&r Win Mlnjr and the Niirthcm Wei Necropolis at 
Fan^ Shan, by A. G. Wenley. Occnalotial Paiw^ra, toL 1, No, 1, 23 pp,* 7 pla., 3 llOA 
{PnbL 3801,) Feb, Ip 1&4Z. 
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REPORT OF TEE AAffiKICAJ? mSTORlCAL ASSOC^IATION 

The dtmual reports of the American Historical Assodation axe 
tranmitted by the association to the Secretary of the SmithsoTiiao 
InstitutiDu and are communicated by him to CoDgress^ aa prodded by 
the act of incorporation of the Association. The f ollow l ug report 
volume was issued this year. 

AnaEul Report of tbe Aiserieaa Historical Asaocls tioa 104j&H ToL 1, Pro- 
ceedlaes and list of 1M7. 

The following were in press at the close of the fiscal year^ Annual 
Report of the American Historical Association for 1945* VoJ. 2^ 
Spain in the AEssissippi Valley^ pt. Ij The Revolutionary 

period, 1765-1781 1 toL 3, Spain in the Mississippi Valley, 176&-17M, 
pt. 2, Postwar decade, 1T82-1T91 j voL 4, Spain in the Mississippi Val¬ 
ley, l76S-l7&4j pt. 3, Problems of frontier defense, 1792-1T94, 

REPORT OF THE NATIONAL SOCIETY. DACOHTEBg OF THE 
AMERICAN EETOLUTION 

The manuscript of the Forty-ninth Annual Report of the Natiomil 
Society, Daughters of the American Revointiem, was transmitted to 
Congress, in accordance with law, October 80,1040, 

ATPEOPRIATION FOR FRINTINQ AND BINHINO 

The congressional appropriation for printing and binding for the 
pest year was entirely obligated nt the close af the yeaTp The appro¬ 
priation for the coming fiscal year ending June 30,1048, totals $100jDOO, 
allotted as follows: 

Oeacral admtulBtratlori (Aiuioal Eteport of the Board of Re- 

penta t Annual Beiwrt of the Socretnryl -_._ _ _ _ __ ?1S, 500 

NadonaL Muaeom.___ ___ 41,000 

Burenu of Amerlcao Bthnokgy ________ 15,5CM) 

National Alt ^luienm___ __-_ __ __ _ fl®! 

EdftnrLHi Dlvlaloa (AnDOiiil Report nf the America a HJj^torlcal 

AEsoclatloQ; htaiik forma)_ _ _ _ __ 13^ SUO 

Reserre (preferably for blndlna) -_____ IOl 550 


100,000 

Respectfully submitted. 

W. P. THcn, ChUft Edtioriel Divi»ion. 

Dr. A. Wmarons, 

Secretaiy, STniihfoiaim lnstituH07u 









REPORT OF THE EXECUTIVE COMMITTEE OF 
THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION 

FOE THE YEAR ENDED JUNE 30, IMT 

To ikt Board of Regefitg of the SwAthsoniai^ Ineiit^iioni 
Tour esccutive committee respectfully submits the following report 
in relation to tho funds of the Smithsonian Institution, together with n 
statement of the appropriations by Congress for the GoTcrnment 
bureaus in the administretiTe charge of the Institution, 

SMITHSONIAN ENDOWMENT niND 

The original bequest of James Smithson was £10i,&60 89 , 6 d.~ 
$508,318,46. Refunds of money expended in prosecution of the claim, 
freights, insurance, etc., together with payment into the fund of the 
sum of £5,015, which had been withheld during tlie lifetime of Madame 
do laBatut, brought the fund to the amount of $550,000, 

Since the original bequest, the Institution has received gifts from 
various Bourees, the income from which may be used for tiie general 
work of the Institution. These, including tiie original b«iuest, plus 
savings, are listed below, together with the income for the present year, 

ENDOlVMBST FUNDS 

(Income for enrestrteted use ot the In^tltallon) 

Fartly deposited to UnlteO Stntea TreBsnry at S percent ahfl partly Invested in 

stocks, bonds, etc. 


Fusne tund (nisliu] BailhMH b«iDnt, nlu UHUsutaled htEsp), 

edbugiiNit licdQctti (Ua,»!«., portir dtpotltiHl In llu U. B. Tusmiut ud 
p«ftIf InTCilM La LM load: 

Rolwrt S. Khd bequrtl ftliwl. . 

IC whn wmedt fand. . . 

ItAbnl , fl ■■ twttttrtt fyitd , "-T-”'-- - 

Hwrbrnb^^ G-eonn P. asd CirellJOW^ bmioBitfcEDd.. 
aimJltciEi, Jrvmw, fuoi^. . 

UpATY. CtrollEH, bcqaeflliiiiid-....,. - 

f hpHW* Or - -. 

Enirj Kirkv, memarLal fuQ4—- 
RbwA, Jam*, iKqiitat 

Buforu, GHTfi! H., m«iiarlAlh3D4.. — 

Wlllsenpo^n, Th*ni*i A-, niflHWHial tnnil ^_ 

Spodpj ItaDd.ikKlE la zwniuiliftd chfvl boiiLki-, 


Gnmd toUl. 


liiTealnwDl 

InociDii prti- 
cB.t 





ai^tttaTQ 

12 c, 33 

UU.M 

SOLDO 




IM.tl 


O.OT 

tM.57?,Cr 


»)L!4JL47 

KvenoLif 

i.oDOLai 

S3l79 

xm.^ 

laxm 


2.fE».36 





i, <in.3S.it 
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The lostitution holds also a nuRibcf of einlowmont the incomi 
of eacli being restricted to specific use. These, plus uccretioits to date, 
are listed belowj together with incojue for the present year* 


Abbott^ WltUft® L.t fUHii far fiifvil|Kilaiu Ln bkloty. 

Artbiif^ JuiLBH, fDikd for Innstliatlsiia iisd HIKJy «f tii^ iial bdun Oil 

EaiI1«! ...... ... ,.r.. -- + ■ 

BtOQiik VIjtIdLb i'mdj, hOid. Cw KbOlanblp 10 la'rttnlfUv CuibB 

of tfToHWIofi otbgf mm iM UiiJtBd . .. .. 

BAkr^+ Lary H., fcuul forantfintf a CfwlMrrfAl 14 SdcmlOrT . 

fiuvfdvr^ Pnderlck J>^ llmil, far pa£du» of uiiiBtli tw ^aolo^aX Tssk _ . 
CftE^ld ColMkid fund for Inciwv obd cm Ol i^t CittStltE coklcci^h cf 

tnSiwfOls^^TT.-. . , , - TT s - _,-, _ _- — 

CpATp TbOfnu L., fucvd, tot ffwIiitcEmmn ef ihv C^y iEU| ^pror 

moi-wnof rGuorehoi ichtlna in Col^ptcn.. .............. 

ChArabcrklm. Fnndl ttUr fdfvdr tor amt promoEloD at 1^144 Lm 

o£jllcetlDD ai ferns and isaElusks..... ... ... 

ESe^aPwyor. r»rtcww ar*iPoo«r tiaui, tar pnavTilkiD aiu] ftshihltlMi Df tti* 
phQLompblQwUHtloaof Rndolph EIck^owyiTi lr.x...xx.xx.x.^xxx-xx..» 
ainyor, vJfftl, fiind, m IriiMaAO and cm U vtrsdl HiUyar oflfEeotloo of u^- 

Ififr Ou}OCta. -X—_._x.- ._x axxx.xa..-_x.i,iij baaa..xxa ax XX XX XX a ax^xx a a a -a i 

EKtcljoOdlr, t>t. Albert S.p llbEvy fond* otBUebcook Apoftoloilcal 

EodCiUlul iiuNd spoi^Cf far ioenufi ai^ of moro enuk kn^lad^ 

Lninard lonalart aCUl p^lmtlatofalmd^p^ario aLf.r.ax...x. .. 

Hrdbmp A14 uid Marit, fkindi to fkErtiiEr rcouniiOi En pbyifaaf anEhi^ 
pokj^ and mibUcBlloUi m oob^^Akin iStctiwiili.a .... 

flnlklAk^SpOClal .-. xx..axxx__x.._xx_xxxxxax.xx.xx.xxxa._xx.-xx. 

Huebw, BnJw, [Eindr lo f'JU'nil al»w_. _ _ __ 

LoEiita AdiHtlo and Edltb O., hind, for upkfvp tipctorwl4& of l4ot 

colWt Jnn or oEubrohJariH^ la «lt-. — .. - - 

-ManroU, Mary E., tmd. Httf m*, au^ o{ MaivoU Callactton 

51 yur, Catberine WaMiKI. fdnd , for tHUTbm at JlryE-dasI ^rrfcs of art Av Uia 

1150 and bon&dt of thfl N'atloiiAl CgUKtlna of FIm Arta. .. . . 

SEion^ Jolla Da, bcqwt nmd, ter baDedt or MaLkra&l Co-lloAloa of Tim Arts, 
roU^j^mDlia Uyi^tdEi^ fatid, ter mabititiann of Alftisd Boima FoD 

Fiwa* Liiey Trand’ Oaw wJsVfi 

prtnclpal amcnmcj to iffifidyOOD . ... . . _ 

RathbuHn lUcfaanl. momorl*! fiyndp tef IM of dliiJlm of 0. S. Saltepal 

M OMuni ooataloluff f^rnalaoea . . a . x_x__x.xx, _ _ 

Rokl« Addfm Tap ftiml* tor teundlim diaLr Id bldlofy is nwipiory Of Mh*t 

Ttffdi , ____ _ _ a XXX a . xx__x__ ___ 

Rwbliitf CoUftotkm fund^ tor cm*. lDi|»ofOHj«tp and lAcroaJV of RoobJlfte 

ovUk^Q of EoiniBafca . . . . _*_*__.. . . . . 

Roltini, Mlrfam and William, hjiid^ ter In wifilJw In pbyilcf tM ob^^ni- 


_ 

SraJttLwnian knpteyow* riVknrmetif 

Spiia^rf, Fiuik, iLLndF ter nn, ole, . nf Sparer ooll^lon and UbEaiy__ 

Waloott, Cbarte* 1>. and Mair Vina, wmtts^ tend, tef doTatepmont of 

^teekal and LaleoDloiVi^eu atodlH and pubUahlm sosqUm IbenDf-. 

Ytmniar, Hoteo Walcott^ hfEidii bnid in iTUIt......... 

Zfctwtr Fraocas Brinrkl#, hind, iar ondownmm of aqnaiia. xx^xx-x__x. 


TotnL™,—- 



tectiitWp 
prioeanl yo&r 

IIO&ULIT 

»i,mw 

4D^E11I.E7 

um.m 

ufiiAai : 

m.m 

30.94 


l,4Bif.39 


mu 

39.^1.11 


913. H 

LBL7I 

fl,WA7J , 

2ULei 

i,aBax@s! 

41.6 

lOiAWL oq : 

0pWa» 

lliimDI 

11iE.3Sat] 

VIA II 

71A14 

m.u 

S^KS-tD 

21a IT 
9AM 

ULSOASb 
m isaffil 

7SL IT 

mn 

T,siu.m 

IS3.4I 

id^asArs 

i.44Abi 

£a77teU 

ilA Id 

3D134I.(H 

l^iaLflg 


AE99.-03 

aaiTT.w 

lAifitilH 

A£5T.fK! 

AOSAiil 

o^m.m 

%1SA 13 

fieiaCU 

1A»1.M 

stsAfla 

3AW 


u,m.H 


The above funds anioiint to a total of $3,1112^439.43 and are carried 
in tlie following investniCint accounts of the Institution: 


Ua Sa Troatniry d^ipOx^lt meconnt drawing D por%-ent tnterest^^—^ 

Oon^oUdeted Lnvefltiueat fuad (lacame iu table below) __ 

Heal estatCi martgagee, etc-,—— - —-- 

SpecEal fundsr mlHcelfanecma Invedtnienta.^ - - — , 

Uninvested capital ___ _ _ _ — --— , — 


sum 000a 00 
Ip mesa. SO 
aOSp 771.75 

11.746x06 


Totals.. 


___ 3,132,430.43 











































annual report SUITHSONIAN iXBTrruTiaN, 1^4 7 


COXaOLEDATED TUN'D 

This fund contains substantinlly aU the In^'OstiiieDts of tho Institu- 
tion^Tfith the (deception of those of the Freer Gallery of Art; the deposit 
of $1^000,000 in the United States Treasury, with guaranteed income 
of 6 percent; and investments in real estate and real^estato mortgages. 
This fund contains endowments for both unrestricted and specldc use. 
A statement of principal and income of this fund for the last 10 years 
follows: 


flim] p#ir 

Prlndpal 

jElDOmt 

Peiv 

w 

FbesU jeor 

Frlactp&l 

UiCQtni 

ttaX^ 

isss.. 

_ _ 

m^r^-SO 

m^mLyr 

]pO».3^f..El 

«34pnt.«t 

aSvRa.n 

iiriaT.3ft 

4.1» 

3.4G 

147 

5+VB 

a.n 

l'W3- -.■..■■■■n-i.B.a a ■ r 

ifrti. 

. 

IIHA. _ __ _ 

IlHT.... __ 

DI«L41 

1,4fi4.{lfr,7^ 

1,97l.432-» 

D^0«.«T 

4,00 

4.«9 

i.00 


GOasDLIDAtO 

Otfln i» {KtettiaenU awt i/e»r J9i6 

laveatmcnts made from j^fta aoit flur^nes on Inniiie-.- {314,400.71 
Leas Inas ou sales of securities_ ___ _ _ 2,1S3.04 


Tolal______-- - - _ 312, 217.B7 

PRBER G.4LLBRY Or ART PtlND 

Harlv in IflOG, by deed of gift, Charles L. Freer, of Detroit, gave to 
the Institution hia collection of Chinese and other Oriental objects of 
art, as well as paintings, etchings, and otlier works of art by \^istler, 
Thayer, Dewing, and other artists. Later iie also gave funds for the 
construction of a building to house the collection, and finady in his 
will, probated November 6,1919, he provided stock and securities to 
the Gslitaated value of $1,958,591.42, as an endowment fund for the 
operation of Uie Gallery, 

The above fund of Mr. Freer was almost entirely represented by 
20,465 shares of stock in Parke, Davis & Co. As this stock advanced in 
value, much of it was sold and the proceeds reinvested so that the fund 
now amounts to $6,069,845.62 in a selected list of securities classified 
later. 

The invested funds of the Freer bequest are under tlie following 
headings: 

Cowt and arounda flind—.-- ■ ■■ ■ ---- t®7p,070,81 

Court and groantls malntmnnce fui)<I,--— 170.75®. 06 

Carator fond____—__691,983.14 

Bealdnarr IcRitcv fend--- - -4,627.185. SI 


_ 6,063,645.82 


Total. 
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of principal aii4ij;’irt^in4/or 


Flsealvur 

Ftinri^l 

InOofoa 

Pment- 

utt 

im - ........... ....w..- ,— 

HsaaTir ai 


asoi 

. ......... --- 


H^TAt.TS 

4,]V 



2i3.5?a.e2 


-Irnf. .IK.. *■■■»■■'»* ........ ...V. ..... .-. .-,,= -- - 

mom 33 

a,R4 

___. ........ .... 

O^Ua^BT^BI 

^^mci 

?41hM 7.T7 
3ta 135,(7 

4.m 

_ _ _ ^ ^ j 

iwj - ---- -— 

5.10 

Itte# ^ ___- . . 

1^651, mi? 

?L3,1U477 

5.61 

J«B^ = _ _ __ - . . . . . 

^»6^«l.73 

^eii,3M.Sl 

m.Si6.s« 

xm 

IMT.. . . .. ._ ........... 


W5.47J,01! 

4.qa 





I-kef;b iwn 

Gain during rreaent ytar from m\^, eaU of securities, —- fT5,4G1. Ql 

SUMMARY OP EL\T50VYMEIfTS 

IsYcsted eftdowmeut for ecucrol purpoSeS-.^_ _ __—-- - $1^079^ 330^51 

Juirested oDdo^TEDcut for apeclllc porposes oUtcr than Freer eadow^ 
nient__ _ ____Ip 4j!33,113.97 


Total InTCfftecJ endowment otbcr than Freer eudowment_*^ 3;, 132,439. -iS 
Freer Invested endi^wiuenC for apccLfli? pnrpoBea.^---.^^—^-3^, 00&jS4?xS2 


Total Inveflted endowment for $,\l pnTpose^^ _____ _ Op 202, 2S4. SO 


CLASSIFICATION OF INVESTMENTS 

Deposited in the O. 3. Treatury at 6 percent per annnim na 

aatbortzed in tlie U. S. IteTlaed Statutes, s«l 5501-¥1, OClO^ 000. 00 

loveatmentfl other than Freer cadDwtnent (coat or market value at 
date acquired): 

Bonds (20 dltterent fronpe) ——- ^0fl> 41S, 10 

Stocks (ESO different groups).___—,-— 1,27A343. Sfl 

Real estate and flrat-mertffago notes-l3+,0fift, 73 

Unlnreetcd capital- -— -- 11,740^00 

---- 2.132,430,43 


T^tal invesypenta other than Freer endowmeBt - - - 3p 132,430,43 


InTeatruHit of Freer endowment (cost or morket 
value at date acquired): 

Honda f 27 different f^roupe) 07 

Sloeka ((jS-dUTcrent px>Ups>„^ —-—, 3 , 240 , 324 . 22 

Real estate Bm-njortgafe Mtea —— 1,000.00 

Uninvested capital- ^ 

-fl,m8^a2 


Total SnveBtmeota^- 


9 , 2 O 2 ,mS 0 
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CASH BALANCES, RECEIPTS. AND DISBURSEMENTS DURING FISCAL 

year 1047^ 

ijaluDCe on hiiflil June 30> WG— ---——— ¥807,410.45 

Receipts: 

CttBb Income from vurlooa sduroea fur genomE 

work of til's loi^ltTitEo-rt-,^— -—— $GSp 701-01 

Cosli gifts for general work of tLs Inatlhitton 

(for liiTeatiilent)-—-——-2SKJpETO. 00 

Cash gifts an^l contributions espenduble for epc- 
rial sclontlfle olljeets (not for hivofitinent) 60,150,60 

CaaiJ Income from endowmcote for apecSfle use 
other Oiaa Freer etnlowmeot and from mlBce]- 
L£Li]r»n» sonrcea (Including refund of lempo- 

rnry ndTlincoa)— ---—— 155|1W®.S3 

CasSi capital from aale, cfiU of BScurltise, etc. (for 
IcvesiniQot) ---- ——212,294.20 


Total receipts other than Freer eadowment^.--- 623, SlO- 74 

CDali Income from Freer cfnlowmoiit__w_^„, — .— 242,471.02 
Coah capUal from sale, call of securities, etc. (for 
luvestnisni) ——— —-- — ■ — ^-052,838-45 


Total receipts from Freer endawment-1,105,300.47 


Total __ _ _ —. 2,326,330.06 

DisburE^ements! 

From funds for general work of the Institution: 

Bulltllnss—esm, repairs, and alteration- ___ 

Furniture and fixtures--- - - - 

Oeuern] administration—,—-- 

Uhrary — - — - - — ■■ ■ 

PublitatlonB (eompxisSug preparatton, prlnL 

ing and distrlliutEonl^—--— 

RcBearches and explorations -- - - 


Fri^m fonda for specific uso other than Freer ea- 

duwmoDt: 

In^wtments made frotn gifts and from sav¬ 
ings on Income— ----—— 

Gther expendltnresp coosSatlng Largely of re^ 
search work, travel, lucreaf^ and care of 
special coUoetioim^ etc., from Income of en¬ 
dowment fnnds, and from ensb gtfU for 
specific use (hidudlng temporaiy ud- 

Taucjes) ___--- 118,330.32 

Reluvostiuent Of eai^ capital from sale, call 

of secnrlties, etc*^-———-— 1D5,048,45 

Coat of bandllng secnrltleSp fee of Investment 
coonaek and accrued Interest on bonds pur¬ 
chased------— 3p 4T6L 27 

----- 650.072,71 

i Ttlij ilatcmrnt iiem not lEveJnde davemipEnlL Apiiraprlatioai ander the tiilmlniBl3ia|lra 
chMti^ of tbE loBtltatlOB. 


¥2,441.18 
401,63 
37pna30 
8,133.33 

19,1S&. 21 

22p 682. 28 

—-— 85,005.47 
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DiBbumeEaeato—Contiii 

From Freer eodowmeut : 

Opcrattnf eapenseB of Uie Gilleryg. MlarLe^ 

(kcltl expeio^, etc^—— —^ - 

PlixcbB^o of art objects— -- - -— 124* T5M>. DO 

neliiTestiueiit of oa;Sb capital troo^ BatlCi coiJ 

of Becurttlaa* etc__-_„- - »54,Ot)0.&5 

Cast of bandUng eecurltlest fee of tntest- 
meat eoimselp and nccroed interest on 

bonds pnrebafled--^_- — -— SU 786,52 

- 

Caflli balance June 30, I&IT—.- -- .- 0 (^p 156,19 


XatoJ________-- . n.,,-.—_ 2,826,330,06 

Included in tlie above receipts was cash received as royalties from 
sales of Stoitbsoiiian Scientific Series to the amount of $23^39.80. 
Tills was distributed as follows i 


SmUbfionlaa In^tltntloa endowmeat ——- ^1£, 608-21 

Sasttbsanlan Inatltutlcin emoE^ncji'' tiuid,—, — 3,165£(05 

Smltbsotifon InHUinaoii unroaulcted fnad, generiil—^ —».— - 9^456,16 

Salaries —----—-- - ®® 


28, mao 

Included in the foregoing are expenditures for researches iw pure 
sciencci publications, explorations, corej increa^, and study of collec¬ 
tions, etc.j as follows: 

E^xpcnded froo] aCDoml funds of the JnatUatlop! 

Fttbllcution^ ___ — —-- — ^ (10, JSflvSi 

Reiearcbis and csploratloas^- -— - 22,082,20 

- - (41, see. 4+ 

Espeadltorea from funds devoted to specldo purposefl r 

Researcbes and ezcploratioiia--— -—— — 64,917^41 

Care, Increase, and atadj of special collMtiona^- 3,188,41 

FobUraLicna^_—- --- -—- - 990.81 

--- 79/100.43 


Total _ _ _ ____12(l&6&,9t> 

The practice of depositing on timo in local trust companies and 
banks such revenues as uiay be spared temporarily has been continued 
during the past year,, and inter^t on these deposits has amounted to 
$642.64. 

The Institution gratefully acknowledges gifts or bequests from the 
following: 

Tlie Viking ruftd, Inc.. New lorlt City, for Irocools TeKarCb. 

Ernest N. Mny. for adentiao explorotloa, parUciiJaTly In tb* West lodtea. 

Jolin A. BneeUDg. as a farther contribotloTi for feaeareh La radiation. 

TTTias-^S - 43 
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UAfp E. Maxwell, for care, prcsatTaUDB and addltloca to Maxwell coUectloo of 
jewelry, 

Miss Aunle-May for Henry Kitke Porter Memorial Fund. 

All payments am made by check, signed by the Secretary of the 
Institution on the Treasurer of the United States^ and all roTenuea am 
deposited to the credit of the same accounts In many instances de¬ 
posits are placed in bank for conTenience of collection and later with¬ 
drawn and deposited in the United States Treasury. 

The foregoing report relates only to the private funds of the In¬ 
stitution. 

The following appropriations were made by Congress for the Gov¬ 
ernment bureaus under the administratiTe charge of the Smithsonian 
Institution for the fiscal year 1947: 


Salaried and expeD^-__—______Jl, 032, Dl^OO 

National ISooloelcat Part ---43^,EIOO.ClO 


In addition, funde were traiasferred from other Departments of the 
Government for expenditure under direction of the Smithsonian In¬ 
stitution ; 

CooiKratlDa wUli the American R^publlci (tranfifer from State 

Department) -— -----im 58D. OO 

Working fnod, transferred from National Park Service, Inteiior 
Departments for arcbeolo^eal Investigations In Mtsauurl Blver 
Baaln——. . . ■ .- ■— ------ Tl*500.DO 

The report of (he andit of the Smithsonian private ^inds is given 
below; 

SlPmMHEB IT, IMT. 

^cncUTUva OoMicrprEE, Buaiz> or Begerts, 

Gmithtifnian /njttlailon, D. 

Slim: Pursuant to agreement wo have BUdlted Urn acconntB of Sraltbsoiiian 
Institution for the fiscal jear coded June 00, lIMT, and certtfr the balances of cosh 
oh haoii, Inelddlng potty casb fund, June 30, lUIT, to be 
We have rorUlcd the records of leeelpts and dlabui-^enieata maintained by 
the iJiirtltntlon and the ajsreeiiieat of the hook balaoees with the bant halnncea* 
We have examined mil the oeenrltLee In the eoBtody of the jnstltotton and In 
the cuotodj of the tmiiha and found them to agree with the hook mcordai 
We hiTH! comtiared the stated Income of such aecnrltlea with the receipts of 
record and found them In Bgreeinent therewItlL, 

We have examined all voaebcra coverLng dlsbiireemeats for account of the lu- 
etttalion dnrlng the fiscal year ended June 30, 1047, together with th& anthorltj 
therefor, and ha to compared them with the InatitotioD's record of expenditures 
and found them to agreev 

We haTo examined and verified the aceonets of the InsUtntlan with each trnst 
fund. 

We found the hooka of aeconnt and records well and aconmte^y kept and the 
Bectirttlco convenientlT fUod and occurely cai^ for. 
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AU taformAtloD nquested by your audltdrs nu promptly uul courteously 
famished. 

We certify the twlBHce sleet, la ear oplaloo, wirectly present* the flijancim 
condlllos of the lastltntlon *S at June 30, IfilT. 

Welllui Ii. Tjlboes, 
Certified P^ilio Accomttnt, 


Hespectittlly subniitted. 


VAiTTKVAB Buefl| 

ClAKENCX CaNXOX, 

Eseecutivs OofntMttee, 
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ADVEHTISE1^E^^: 


The object of the GEsrjwi- Ajtenoes to the Annual Report of the 
Smitheotiian Institution is to furnish brief accounts of scientific dis* 
covery in particular dirwtipns; reports of investigations made by 
collaborators of the Institution; and memoirs of a genei'al character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution from a very early date to enrich the annual 
report required of them by Jaw with memoirs illustrating tlio more 
remarkable and important developments in physical and biological 
discovery, ^ well as showing the general character of the operations 
of the Institution; and, during the greater part of its history this 
purpose has been carried out largely by the publication of such lipers 
as would possess an interest to all attmeted by scientific progress. 

In IfiflO, induced in part by the discontinuance of an annual sum- 
may of progress which for 30 years previously had been issued by 
welJ-known private publishing firms, the Secretary had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominmt features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, aoology, and 
anthropology. This latter plan was continned, though not altoo-cther 
satisfactonly, down to and including the year 1838, 

In the report for 1888, a return was made to the earlier method of 
prating a roiscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discui 
sion. This method has been continued in the present report for 1947. 
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LABGE SUNSPOTS- 


Uy Seth B. Ivxchoiws 
ifoffitr Witson Obvcrtmtorif 
Cameffie In^titvHsn of W&MhinfftQR. 


[WUb a plntnj 

Nearly IS,000 groups of sruuspota have been recorded since 1874 
when the Greenwich Observatory began to catalog the spots observed 
on daily photographs of the sun. These groups range in sue from 
small clusters of tiny sp)ots a few hundred miles in diameter to huge 
groups nearly 200,OCK) miles long, containing individual spots as large 
85 80,000 miles across. Many spots are seen for only a day or two 
before they disappear, some develop to nooderate size, a few grow 
into groups large enough to be seen without a telescope, and a very few 
into huge groups like the one whidi was visible from March 30 to 
April 13,104T. 

Tlio area of every group is given for each day in the Greenwich 
records, the unit of area being one-millionth of a solar hemisphere, 
or 1,174,000 square miles. Of the 10,000 groups observed since 1874, 
only 27, less than one-fifth of 1 percent, attaincfl areas as great as 
2,500 millionths of a solar hemisphere (about 3,000 null Ion square 
miles). These 27 groups are list^ in table 1, with their maximum 
areas as measured by the Greenwich Observatory or the United States 
Naval Observatory. The areas are given to only two Bgures because 
the irregular outline of a spot seldom permits greater accuracy. 
Measures by different observers of several of the groups listed differ 
by as much as 15 percent. Of the spots recorded before 1ST4, three 
at least were large enough to have Wn included in the table. One 
of these appeared in August 1859, at heliograpLic latitude 20* N.; the 
second in July 1860, at 26* N. i and the third in August 1860, at 24* S. 
All the groups listed in table 1 were conspicuous objects with the un¬ 
aided eye, if the sun was duntned sufEciently by fog, smoke, or dark 
glasses. 

iBcprlntcd bj p^rmEinlfaB. wit|i rfrviilpM (ah of gj^-ifEenb^r from AUCViVPmlePl 

of l±ift Fad^c UuftcC Nd. ^7, Uif 1^49^ 
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The great spot group of April lOlTj Tvhich wfis the largest ever 
recorded, developed from some small spots first seen on February ft, 
194 1 , at the east Htnb of the sun in latitude S3® S. Tliese spots grew 
rapidly until by February T they formed a group large enough to be 
seen vrithout a telescope. When, after a solar rotation, the group 
reappeared at the east limb on March 3 , it liad changed considerably, 
being much larger and more compact than in February. In Mirch 
the group was composed primarily of one huge spot, whidi had appar¬ 
ently developed from the preceding (western) members of the Febru¬ 
ary group, the following members of which had disappetired. When 
it reappeared on March 30 for its third transit, tiie huge group al¬ 
though breaking up had increased in area. When largest it covered 
more than 1 percent of the solar disk, its area being 6,300,000,000 
square miles, 5,400-millionths of a solar hemisphere. On its fourtli 
and last return the group was much smaller, The preceding part, 
which had always been the smaller, disappe^ircd on May T. The fol¬ 
lowing part passed around the west limb on May 11 and did not return. 
The large spot of Marcli 104T was die largest single spot on record 
with an area of 5,000,000,000 square miles, 4,300-miIliontLs of a solar 
hemisphere. Before 1874, visual observers sometimes published the 
over-all length and breadtli of a group instead of its area. From this 
data the area cannot be coiH]>utcd because the group may have been 
composed of several luiconnectcd spots. A long siiot group observed 
in September and October 1S58 has been cited in seveml popular books 
on astronomy as the largest group ever recorded. H. Schwabe, a 
noted obsen'cr of sunspots, gave its east-west diameter as 32l'.'3, 
which is equivalent to 143,000 miles or one-sisth of a solar diameter! 
Someone, interpreting this figure as the diameter of a huge circular 
spot, computed its area as one thirty-siith fJiat of the solar disk, or 
14,000^millionth8 of a solar hemisphere. Tliis figure has since been 
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quoted in many books ns the atoa of the largest group on record. 
Actually that gi'oup was a long, narrow it team of spots with an area 
lees than 1,000-niillionths of a hemisphere, 

Plate 1 shows the great group of 194T as it crossed the disk of the 
suti in March and April. IHate 2 shows four other large spot groups, 
all bo the same scale. A spot group, composed of individual spots of 
various siaes, is usually elongated in an east-west direction. Ksch 
sunspot is ct»mposed of an irregular slmded area, sometimes nearly 
circulnr, called tJie penumbra, whicli is cooler than the sun’s surface 
(the photosphere) . Inside the penumbra are smaUer, darker areas 
called umbrae. In large spots the umbrae cover about one-seventh of 
the area of the spot. Even the umbrae are not black but only less 
bright than the photosphere; the contrast between tlie photosphere and 
the umbra of a «pot is actually less than the reproductions of the photo- 
graplis would indicate. The temperature of the photosphere is about 
10 ,000® Fahrenlieit, tlmt of the penumbra about 9,000®, and that of the 
umbra about 7,500®. Not all umbrae have the same temperature and 
the largest are not always the darkest and coolest. The radiation from 
the umbra of a large spot is between one-fourth and one-half that from 
the photosphere, from tlie penumbra, between two-thirds and three- 
fourths. In the largi^ group of 1947, the area of all the umbrae was 
about TOO-millionths of a solar hemisphere, that of the penumbrao 
about 4,700. As seen projected Uiese areas were, respectively, 0.13 and 
0.00 of 1 percent of the solar disk. The total solar radiation was there¬ 
fore reduced less than one-half of 1 percent by the presence of the 
large spot group. 

Every group listed in table 1 escept tiiofie of October 1894 and Sep¬ 
tember 1928, were observed for more than one solar rotation, (iroups 
wbicli attain their maximum area while visible are generally formed 
on the invisible side of the sun, and Uiose born on the vlsiblo side are 
generally curried out of view before their maximum area is reached. 
Only 4 of the 27 largest groups were born on the visible linlf of the 
sun. Two of these, February 4,1905, and February 12,1907, died on 
the visible hemisphere; their ages were 91 days and 93 days, resiKc- 
tively. Tlie group of February 1946 lasted more than 99 days; how 
many more is not known becau.se it developed and disappeared on the 
invisible heniiaphere, Sma 11 er grtmiis have been recorded whichlasted 
longer than any of these. Eleven of tiie twenty-seven groups in table 1 
returned only once, nine came back twice, and five returned three times. 

A sunspot is recorded to have been observed for IS months in 1S40-41. 
The original record of this group has not come to my attention, but it 
is doubtful wliether a spot or a group of sixits ever retained its identity 
for so long a time. Although the same region on the sun may remain 
active for many months, the continuity of activity is usually due to a 
succession of spot groups. Sunspots have a habit of reappearing in 
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the regioD where an old group been, Eometimie& not even waiting 
for tlie old group to disappear. The group of January 24,10S6, may 
have been a return of the group of December 29,1925; certainly both 
were in the same region of the sun. A small round spot doeely follow¬ 
ing the large group of January 102G was probably identiciU with the 
largest, spot of the December 1925 group. The large spots of the 
January group, however, behaved like new spots which had developed 
near the waning members of the December group. The two groups 
were therefore probably not actually identical. The groupe of March 
and April 194T may not be identical but their relationship seems closer 
than that between the groups of December 1925 and that of January 
1926. 

Large sunspots or, more precisely, the solar activity associated with 
them, definitely affect the earth. The obvious direct terrestrial effects 
are confined to the ionosphere, tliat high region of the atmosphere in 
which electric currents can Bow and from which radio waves are re- 
Hected. The most spectacular effects are brilliant auroras (northern 
and southern lights). Closely associated with auroras ate clianges in 
the electric currents in the ionosphere, which produce marked fluctua¬ 
tions in the earth^s magnetic field (magnetic storms). These disturb¬ 
ances can be so violent tliui long-distance telegraph lioes and cables 
aro affected, making oommunications difficult or imposrible. Other 
terrestrial effects are produced simultaueously with vety intense solar 
“flares,’* phenomena which nearly always appet\r in or near large spot 
groups. Intense flares produce minor changes in the earth’s magnetic 
fleld and also cause high-frequency radio waves to be absorbed so that 
long-distance short-wave communication is Impossible on the daytime 
part of the earth wlule a flare is in progress. These effects are in all 
probability duo to an increase In ultraviolet radiation from the sun at 
the time of the flare. Although the diange in solar radiation due to 
tits presence of a large sunspot must affect the earth’s lower atmosphere, 
and therefore tlie weather, such effects are very small and are difficult 
to measure and interpreL 
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ATOiCC ENERGY* 


By A. E. JoBtis 

Ifciratler Unlivrrifir, Jfdinflim, Ontario 
ISTBODUOnON 

Our topic for this evening is timely. Wliether we are fully cotisciom 
of the fact or not and wbetLer we like it or not, we stand at the open¬ 
ing of a new age-^he atomtc age, or the age of atomic energy. Atomic 
energy has always been present in the universe, but only now is it 
becoming available to man. The secrets of the atom are being 
unlocked before our eyes and life for mankind can never be the same. 

Your presence here in such large numbers on such a rainy night 
indicates your interest in this topic. We ate all interested and want 
to know the underlying principles of atomic energy. It is my hope 
that some of these will be more dear in an hour's time. But 1 warn 
you that I bring little that is new. Mark Antony's words at Caesar's 
funeral sum up the situation; “I am no orator, os Brutus is; • • • 
I only speak right on; I tell you that which you yourselves do know.” 
The lecture will be in informal classroom style. Few teachers can 
proceed tong without a blackboard; so I have already listed the topics 1 
hope to treat and for two reasons. First it will help to guide me, and 
second it will comfort you. At any stage you can see how the lecture 
is progressing, and when thoroughly bored, can say ^‘That much at 
least is over.” You note with pleasure that the introduction is already 
finished. 

FOUNDATION THEORY 

During the eighteenth century man discovered that great law, the 
Law of the Conservation of Matter. According to it, no matter is 
ever created or destroyed. The total amount of matter in the uni- 
verse remains the suine. True, matter may be changed in form. 
Water may bo heated into steam or frozen into ice, but its mass remains 
constant. Matter may be shifted about in tlio universe. The moon 
may lose its atmosphere or & meteorite from the bounds of the solar 
system may fall at our feet, but the total amount of material in the 

‘AdSrMi of »lMf retlrlDB pmldont. aOtiUKl At-Soln* OE the Boyil AitrODomlMl 80«C«ty 
of CanafU Kt Torooto, ZnawTr 34. latT. Rrtrtnt^ Sy vrmiuiQa tra» tii» fonrui of 
tbft BoraJ Ajtlr^lafrDllcaJ Sodetj CftOiid*, 41* No. Mireh IBiT. 
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uniTersc Tcmains tlie same, In any ehemical RCtion the final products 
weigh just as much as the constituents entering it. On one scale of a 
balance put the coal you throw into your furnace, and pile on, if you 
can, all the osygen used in combustion. On the other scale put all 
the ashes, and ell the smoke and gases resulting from the fire. The 
scales balance. 

In the nineteenth century was stated another great law, tlie Law of 
the Conservation of Energy. Xo energy is ever created or destreyed. 
Its form changes, its amount U unaltered* The sun’s energy in the 
form of light and heat oomes racing down to us. It dries up (at 
least we hope it will tomorrow) our sodden stmts. The water, lifted 
into the clouds, has the potential energy of a raised weight. The 
winds carry it over Lake Erie and it falls as rain, losing some of its 
energy in heat, but it is still higher than tlie Niagara Gorge- It «iters 
the turbines of tiie Ontario Hydro Electric Commission and its re¬ 
maining energy is transformed into electrical energy and distributed at 
high voltage all over Ontario. It runs our streetmrs and lights 
our cities. It enters our homes, runs our washing muchiues, our radios, 
our refrigerators. It cooks our meals, toasts our bread, and heats 
our bath water. It begins as heat, undergoes many transformations 
and ends up as heat. None ia lost. 

Notblne 

But doth tfaffor a 

Into^omeULttkg riebaud strong 

The twentieth century saw the two laws combined. In lOOfl Einstein 
propounded his theory of relativity which has revolutionized all our 
tliinking in the sdentific realm ever since. Ho claimed that these two 
conservation laws are two aspects of one more fundamental law, for 
matter and energy are just two manif^tatioms of the same thing. 
Neither law taken alone is quite true, for matter can change into 
energy and energy into matter. Together ^ey are absolute. “The 
total amount of matter and energy in the universe remains the same,” 
He went further and wrote down from theory the equation 


connecting energy and mass tfu. If is given in grtxms and if is 
the velocity of light in centimeters per second, then E is given in 
ergs. Since in these units ICP, this equation shows that a very 
small bit of matter will yield an enormous amount of energy. One 
kilogram (2.2 pounds) of matter, whether of cool or butter, if con¬ 
verted entirely into energy would yield 25,(WO ml 111 ion kilowatt hours 
of energy; thus 


E= 


1000 X 9X10“ 


=25X10*. 


10^X3600X10* 
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This is equal to the energy that would be generated by the toUl 
electric power industry jn the TJnited States (as of 1930) running 
for approximately 2 months. Suniing this amount of would 
give us 8.5 kilowatt hours of heat energy, so that the ratio is about 
3,000 million to 1. No wonder the tiny losses of matter could not 
be detected, and there was no confirmation of Einstein's prediction 
for 25 years, though he had suggested that radioactive substances 
should give ih 

THBX)RX OP ATOMIC STEUCTOBE 

If vre arc to understand how atomic energy is released we must 
know aometliing of atomic structure, and form some picture or con¬ 
struct some model of an atom. At dinner tonight Mrs, Joh^ re¬ 
marked that the Chinese thought in pictures for theirs is a picture 
language. One woman under a roof is their ideogram for peace. 
That picture appeals to ns; fundamentally we are all alike. Our 
models of the atom may not be wholly correct, but if they help our 
thinking, their creation is justified We believe now that all atoms 
are in tlie main constructed out of three fundamental bricks, the 
electron, the proton, and the neutron, and from these atoms the 
whole universe is built up. The electron or Beta-particle is very light 
and exceedingly small, since 60,000 million placed side by side would 
st retell across a perioit at the end of a sentence on a printed page. 
It carries a unit negative charge of electricity, The proton carries 
ft unit positive charge of electricity, is smaller in volume than the 
electron, but weighs 1,847 times ns much. The neutron wa•^i dis¬ 
covered in 1932 by Chadwick in England, has a mass close to that 
of the proton and, as its name would indicate, carries no charge at 
nil. This unique characteristic of neutrons deia}^d their discovery, 
prevents us from observing them directly, makes them very pene¬ 
trating and so important in nuclear change. 

From these three basic cosmic units, the 02 elements of chemis¬ 
try aro built and range from the lightest, hydrogen, to the heaviest, 
uranium. We conceive the atom as consisting of a central nucleus 
made up of an approslmately equal number of protons and neutrons ; 
and about the same number of electrons revolving as satellites around 
the nucleus. To be balanced electrically there must be just as many 
electrons carrying negative charges as protons carrying positive 
charges. This number is the atomic number of the atom. The total 
number of protons and neutrons in an atom is ils atomic weight ap¬ 
proximately and is called its mass number. Thus the hydno^n atom 
has 1 proton as nucleus, and 1 satellite electron. So its fttomic number 
is 1 and its mass number 1. The heliiun atom has a nucleus consisting 
of 2 protons and 2 neutrons, and 2 satellite electrons. Its atomic num- 
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ber is S and its mass Dumber 4. Nature’s hcmyiest atom has 92 protons 
and 14$ neutrons for its nucleus, and 92 satellite electrons. Its atomic 
number is 92 and its mass number 233* This atom turns out to be 
the basic source of atomic energy. 

Atoms tbemselres are also eaccecdingly small, for tbe combined di¬ 
ameters of 200 million of them would be an inch long^ Even at that 
they consist mostly of emptiness, for if the nucleus were enlarged 
to a baseball, the satellite electrons would be specks some 2,000 feet 
away. As we know, the solar system is also m<^tly empty. In round 
numbers for both the atom and the solar ^stem the radius of the 
whole is 10,000 times the radius of the central sun. The analogy is 
striking. 

The chemical properties of any substance are determliLed by the 
satellite electrons. In this sense then, chemistiy is concerned only 
with the superstructure of the atoms, and never comes to grips with 



MYOaO&E'H *TO^^ HtLlOM ATOM URAhtluH ATOM 

FlGtm^ 1. 


the nucleus. The 92 elements of chemistry have the 92 kinds of 
superstructure. Though the satellite electrons move at high speed 
their ma^ is negligible, so that the energy values involved are rela¬ 
tively small and chemical changes can yield but little energy. 

ISOTOPES 

An architect with only 92 house elevations could design many more 
than 92 interiora. Similarly nature assisted by man has designed 
upwards of 600 atoms despite tbo fact that only esteriots seemed 
possiblOv This is accomplished by the addition to or sub tract ion from 
rhe nucleus of neutrons, thus changing the mass number* These new 
atoms are called isotopes of the original and ana chemically indis¬ 
tinguishable from them. Thus heavy hydrogen has 1 proton and I 
neutron in its nucleus and 1 satellite electron, so that it is almost 
twice aa heavy as ordinary hydrogen, but has the same chemical prop- 
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drties. Heavy water ts built up from heavy hydrogen and oiygen. 
It is very expensive Bud is used hy the ton in the atomic-energy plant 
at Chalk Biver. Natural carbon consists of 00 percent of *C'* and 1 
percent of »C^*, the former having as nucleus 6 protons and 6 neutrons 
and the latter 6 protons and 7 neutrons. The respective atomic weights 
are 12 and 13. Both are carbon with atomic number 6. Uraniutn as 
found in nature consists of three isotopes, a trace of TJ™ with 142 
neutrons, O.T percent of U™ with 143 nentrons, and 09.3 percent of 
TJ**" with 146 neutrons. It turns out that the valuable one for curing 
the release of atomic energy is but it is found mixed with 139 
parts of U^. If the proportion in nature had been reversed, the 
Germans would have won the war. 

atomic ESEKGT RHLEASBI) BT NATtlBB 

We liave seen that chemical actions, winch are always concerned 
wLtli the superstructure of the atom, yield comparatively little en¬ 
ergy. To secure larger amounts the nucleus of the atom must be in¬ 
vaded. I shall cite two illustrations of such energy release which is 
going on in nature. 

The first is rtidioactivi ty. It has been known for about &0 years 
that the element radium is continuously shooting out projectiles at 
terrific speeds. Such emanations are of three types, <t-pattic]es which 
are the nuclei of helium atoms, ^-liaTtides or electrons, and y-raya 
which are similar to X-rays. Bj’ a scries of transformations an atom 
of radium, »Ke“, with mass number 226 and atomic number 88 gives 
off, besides y-rays, five a-particlcs and four ^-particles to become an 
atom of lead, uPb***, with mass number 206 and atomic number 82. 
The mass numbers check, since each helium atom has a mass number of 
4 and 5X4=20 is the loss iu mass number. The atomic numbers 
also check, since 5X2=10 units of positive charge are lost with the 
five a-particles, and four unit negative charges with the four elec¬ 
trons—^a net loss of ris units of positive charge from tluj nucleus. 
Radium is being transformed into lead before our eyes. In about 
I,GOO years half our radium will he so transformed. In another 1,600 
years half of what remained, and so on. Hence we speak of the iialf- 
iife of radium as 1,600 years. Always some radium will remain. 

Our second illustraticm is of special interest to the astronomer. 
We are told that the sun in every second of time is giving out 10* 
kiloK'att hours of energy tmd has been doing this for some 10* or 
10“ years. Using Einstein^s equation S=tnd, we find that this is 
equivalent to the transformation of 260 million tons of matter into 
energy every minute over tills tremendous span of time. Professor 
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Beth«i of Cornell siiggests that the source of this energy is atomic and 
gives os the following “carbon cycle" of nuclear reactions, 

,N»-►iC’+ie* 

^«+,H‘ -^ ,N"+7 

-^i0’'+7 

^QH -».N‘»+ie® 

In this cycle enter one isotope of osygen, three of nitrogen, and two 
of carbon^ The net result of tlie cycle is to leave the carbon undianged, 
emit thivo y-rays and two positrons, jC? (the counterpart of the electron 
with a unit positive charge), and convert four atoms of hydrogen into 
one atom of holinra. Sow the mass of four atoms of hydrogen is 4.032 
units while that of one atom of helium is 4.004. The difference of 
0,(88 units, which amounts to about of 1 percent of the original, has 
been transformed into energy. Tlie late Sir James Jeans made this 
statement, “A sun in which only Vs of 1 percent, was hydrogen could 
provide the present sun's radiation for 2,000 million years, and it b 
fairly certain that the sun contains more hydrogen than this." • 

ATOMIC ENERGT RELEASEt) BX MAN—FISSION 

For the splitting of an atom man has at his disposal some very 
high'power projectiles in the form of neutrons, dciiterons, protons, 
ft-particles, y-rays, and rarely heavy particles, It is dilhcult to hit 
the nucleus of an atom with a charged particle, since either the shelter¬ 
ing cloud of electrons or the repulsive force of the nucleus will tom the 
missile aside. Bui neutrons, having no charge, can be deflected only 
by a direct collision and so are most effective as atom smashers. 
Using neutrons, men began bombarding all the elements, and it was 
found tliat in general the nucleus absorbed the neutron, achieved 
stability bv emitting an electron, and formed a nucleus with atomic 
numljer and mass number each one higher tlian the original. It was 
natural U> investigate what would happen when uranium, tlie hea viest 
element, was bombarded with neutrons. Late in t(13S 0. Hahn of 
Germany (who in 1045 was given the Nobel Prize), showed that the 
heavy uranium nucleus was broken and that one of the flsston products 
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was barhim. Extensive experiments in both Europe and America hnd 
by June 1939 confirmed this atomic fission.* Here 1 only mention 
three of the many Uien knotrn facts, but if ill amplify them later. 

(1) The products of the atomic fission were two unequal fragments 
near the middle of tlie table of atoms, for example, ban tun and krypton. 

(2) Tremendous amounts of energy were given off in the process, 

(3) From each atomic fission caused by one neutron, one to three 
neutrons arose. 

Graphically the fission may be indicated thus; 



Here then was something new under the sun. Atomic fission wss 
a fact. The atom had been split. Then the block curtain of war 
descended on the world and split the scientists also into isolated groups. 


THE llASS'DEFECT CUBVI^-BINDlNO Ea?BR<jt 

Let U8 return for a moment to the two illustrations cited of tlie 
release of atomic energy in nature, namely, radioactiTity and tlie 
carbon cycle. It seems remarkable that energy can be iclcased either 
by the breaking down of the more complex radium atom to the less 
complex lead atom or by the building up of the more complex helium 
atom from the less complex hydrogen atom. That both prowsses 
yield energy is possible because of the nature of the 92 elements them¬ 
selves, It is a fact that the mass per particle (neutron or proton) m 
the cticleiis is greater fcir either tlie very light or the voiy liea^ e e- 
ments than it is for t he elements midway between. Hence when hyd ro- 
gen is transformed to helium or uranium to barium, mass is lost, and 
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it appears as enargy released. A graphic picture of wliat happens 
may be made thus: 



Tlie mass lost in the change from uranium to barium represented by 
PQ is 100 tim€S the mass lost in the change from hydrogen to helium 
lepresented by BS^ 

The same facts may be et&t^ in terms of enei^. The ^Tiiuding 
energy^ of a nucleus is defined to be the difference between the sum of 
the masses of all the protons and neutrons which went into its compo¬ 
sition and the true nuclear mass. Thus the elements in the middle of 
the periodic table hawe the greatest binding energy or ere most 
strongly bound. To break them up energy would have to be supplied j 
but when atoms of elements near either end of the table are transformed 
energy is released. 

ACHAINBEACTION 

Ordinary combustion is an illustration of a chain reaction. We 
light a nratch. It sets fire to some paper. This ignites the kindling 
next it. This in tum| we hope, will ignite the cooL It 13 self^ 
sustaining. The fact that more than one neutron came out as a fi^ion 
product, when only one caused the fission of TP”, suggested the possibil¬ 
ity of a chain react ion ^ but no one knew whether or not it would work. 
If from I neutron came 3, from 3, 0, from 9, 2T, the reaction would 
expand at a terrific rate* But it should he remembered that it ia the 
rare isotope which is broken by the neutron, and this occurs in 
nature mixed with 139 times as much IP"* So at least four thingB could 
happen to the emitted neutrons. They might (1) escape, (2) be 
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captured by IP“ without fission, (3) be absorbed by impurities, (4) 
cause fiaaion of another U*“ nucleus. To get a chain reaction the 
number of neutrons in (4) decreased by the sum of those in (l)i (S), 
and (3) must at least equal the original number put in. Tbe first 
throe possibilities must tiien be reduced to a minimum. The first lo® 
was easily handled by making the pile of uranium being treated large 
enough. "WTien the edge of a cube is tripled in length, the surface is 
mcrcased ninefold, but the volume is increivsed twenty-sevenfold. So 
the chance of escape through the surface per unit volume is much less 
than it was before. From theoretical considerations Fermi calculated 
how large, under attainable conditions, the pile should be and it 
worked—a marvelous achievement. Losses (2) and (3) were much 
more difficult to reduce to a mini mum. Only the tremendous resources 
of the United States could make possible their solution, and a biUion- 
doUar plant was built at Oak Kidge, Tenn, Since U™ and U”* are 
chemically indistinguishable they must be separated by physical means 
from the fact that U“ is the slightly heavier of the two. Thermal 
dlfiusion would separate the lighter fluid, U“*, fust as our mothers got 
the lighter Devonshire cream on a pan of milk. Gaseous diffusion 
through barriers allowed the lighter U™ gas to pass more readily. 
The cream-separator trick of Hut centrifuge brought the lighter U”* 
to the center and a huge electromagnet could deflect lighter ions more 
than the heavier ones. Since some substances, for eiample cadmium, 
soak up neutrons like a sponge, the problem of uhtaiuing pure ma¬ 
terials was also a formidable one. However, these difficulties were 
sufficiently overcome and a pile was built in the squash court in Stagg 
Field at the University of Chicago. Cadmium rods were inserted as 
Safety devices and on December 2, 1942, the first self-maiuteining 
nuclear chain reaction was initiated by man, even with the cadmium 
rods only partly withdrawn. For the well-being of Cliicago the pile 
was tom down and moved to the Argonue Woods, some 40 miles 
outside Chicago. It should be noted that tliere are always enough 
stray neutrons about to start the chain reaction, so that no “match” 
is required. 

MODERATORS 

It was early suggested by Fermi, Compton, and others that slow 
neutrons, that is thermal or low-energy neutrons, could bo used to 
split U“ and that such might not be absorbed by C”*. Sinoa the 
neutrons coming out of the fission are always moving at high speed, a 
search was begun for so-called moderators which would slow up such 
neutrons before they were absorbed by U**. If such could be found, 
the separation of tJ*” from D™ might not be necessary. Now fast 
neutrons are hard to stop, for they can pierce several inches of steel 
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and obout 3 feet of concrete, and yet the only way to stop them is to put 
something in their way. A tennis ball rebounds from the hard co^ 
with its velocity only slightly lessened, but if it collides head on with 
another tennis ball, its energy is passed on to the odier and it stops 
dead. At each collision with a ball heavier tlian itself part of its 
energy would be given up. So moderators must bave nuclei with 
masses comparable to the mass of the neutron, if the neutron is to be 
slowed up at each collision. Also to be useful it must itself not absorb 
neutrons. The substances with both these characteristics turned out 
to be carbon and heavy water, and both had to be of liigl) purity. In 
the first pile at Chicago carbon was used, while at Chalk Kiver heavy 
water is the moderator. This heavy water was made at Trail, British 
Columbia, tested at ilcMaster University, and used at Chalk Eiver. 

sian-jiadb elements 

Wlien a slow neutron is absorbed by a nucleus of U™, a nucleus of an 
unstable isotope, U“®, is formed. Its b al M i fe is only S13 minutes and 
from its dUintegration a new element, neptunium, wit h atomic number 
03 and mass tiuniber SSO is formed. Til is new element also is unstable 
with a half-life of 2.3 days and diaintt^tes to form a second new 
element, plutonium, with atomic number 94 and mass number S39. 
The reactions are 

-» «U®»+T 

glow 

23 minutes 
2.3 days 

This isotope ^Pu’*' of plutonium does slowly decoy by the emi^ion 
of an ft-particle to but its half-life is 24,000 years, so that it is 

really very stable. Recently the discovery of two more man-made 
elements has been announced. Since the astronomers in their search 
of planets beyond Pluto have not kept pace witli the discovery of 
elements beyond plutonium, it is proposed to call these two elements 
americium and curium respectively, in honor of the Americas and of 
Pierre and Jlarie Curie. 

Plutonium has qualities which make it so tremendously impor¬ 
tant that it is largely replacing U*" in both militaiy and peacetime 
applications. Though usually stable, it is fissionable by slow 
neutrons just os U^. It is potentially more abundant since it is 
created from the much more plentiful It is a different element 

from uranium and hence can be separated from it by chemical 
means. So the atomic-energy plant using uranium is allowed to 
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mu several months, after which the urammn rods are removed and 
the plutonium ci'eatcd lu ihem is separated oat. It is like huntiug 
a needk hi a haystack, for SO kilofp^ms of m-aniurn may have XU 
grams of plutonium in 

FISSION PRODUCTS 

I have already remarked that the binds of atoms now discovered 
number upwards of 4500, and of these a very large number, well over 
200j have arisen os fission products by neutron bombardment of 
uranium. These fission products range all tho way from zinc to sama- 
r ium. S trangeiy enough they break into two groups. The 1 jgb t group 
consists of those from zinc with moss number about 72 to [ml lad ium 
with mass number about lOS* and shows the greatest conccntmticm 
around krypton with mass number 9 k The heavy group goes fiom 
palladium to samarium whh mass number 150 and shows the greatest 
concentration around barium with mass number 14.0, Actually about 
6 percent is krypton, and G percent barium, with 9T percent of all fission 
products grouped closely eround these. The minimum is around tin 
with mass number 117 and the yield there is about 0-01 percent of the 
wUoIo. 

For the lighter elements in the periodic table the number of neu¬ 
trons in the nucleus is about equal to the number of protons* For in¬ 
stance carbon has 6 of each. But as we ascend in the table the propor¬ 
tion of neutrons to protons gradually increases until in unmium 23S 
there are 146 neutrons to 9-2 protons. So the fission products from 
uraninm, wdiich are neat the middle of tlie table, are overloaded with 
neutrons and are likely to be unstable and give off beta^rays in succ^- 
sion until a stable product is formed. There are 64 such mass chains of 
transformations now known, 31 in the light group and 33 in the heavy, 
and they involve about 164 known active protlucts, and about 64 stable 
ones. jMcA taster University, under Dr. Thode’s direction, ia given 
credit for the discovery of eight o-f the stable products, and one active 
one, nameiv, Kr^ with a half-life of 10 years* 

The problems puKScnted to the cliemist by these fission products 
wero a[ipalljng. He bad to separate the minute quantities of these 
bewildering pioducta from the original uranium and the neptunium 
and plutonium created thei*e as weiU Ho had to determine what ele¬ 
ments were there and what isotope. If the product was radioactive, 
what, was its half-life ; waa it formed directly or was it part of a chain : 
and if of a chain, how was it related to other fission products? What 
energy hud tlio and y-^ys emitted? Tlicse and many other ques¬ 
tions confronted the chemist, and he had to work with esc^ingly 
minute quantilies and he had to work fast* Any prCKluct with half- 
life of less than 2 secontla cannot yet be identified* One instrument, 
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the mass spectrometer, has been his powerful ally. By it he “scans" 
the fission products and obtains results of surpiiBing accuracy. 

INDUSTRIAL AFFUOATrONS OP ATOMIC PKTRGr 

The energy released in atomic fission is tremendous. From the 
smashing of a single uranium nucleus come some 160 million elec¬ 
tron volts. (An electi-on volt is the energy acquired by an electron in 
moving through a potential diffei'ence of 1 volt.) Chemical action 
might yield 2 or 3 electron volts. The fission of 1 pound of U^' would 
yield 11,400,000 kilowatt hours of energy. 

Is it any wonder then that an atomic bomb can do such terrible dam¬ 
age? At 8.17 a. UL on August 5, 1M5, there was a blinding flash in 
Hiroshima — a piece of the sun instantaneously created. All buildings 
within a radius of 2 miles wore completely destroyed, roofs were off at 
5 miles, and glass broken 12 miles away; 95,000 people were killed or 
missing, and HO,000 more injured. Of GOO girls from a Protestant 
girls’ school who were scatter^ over the dty, 30 to 40 later returned. 
The falling roof pinned 50 of those at school under it and they were 
burned before the eyes Oif their principal. Such a bomb dropped on 
the campus of the University of Toronto would wipe out everj'thing 
from St. Clair to the Lake, and from the Don halfway to High Park, 
and glass would be broken in Port Credit. In a twinkling oufr-qusrter 
of the populat ion of Greater Toron towouldbckilledor injured- And 
DOW they can make bomba 1,000 times as powerful as that, 

But atomic energy could be and we trust will be a marvelous bless¬ 
ing. Already estimates would indicate that atomic-energy plants can 
deliver energy at 0.8 cents per kilowatt hour. (We pay O.T cents for 
domestic use in Hamilton.) We cannot expect it to power our auto¬ 
mobiles. The cri tical size of a pile to got any power at all, and the tons 
of steel and concrete necessary to protect us from those penetrating 
radiations, prevent us from just putting a gram of plutonium in our 
car and running it for a lifetime. But such a pile could power an At¬ 
lantic liner, and it could provide power in parts of the world whera 
there is neither coal nor hydro. 

Recently at ifcMaster 1 he.srd a fine address on Canadian Popula¬ 
tion Trends by an authority. In all his prognosis the speaker was 
careful to put in a qualifying “all conditions being the same." I re¬ 
called a jocular reinark made in an after-dinner speech by my old 
professor, the late Alfred Baker. “It is customary for ^at man 
at some time in their lives bo make a prophecy. I will make mine now. 
I predict that in 500 years the center of civilization will be in the Sas- 
katebewan Valley." So in the question period I asked the speaker if 
that wore po^ible. He did not think so. Industrial concentration 
was unl i k ely m a land where there was no iron and only poor-grade 
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ctml. Dr. Thode thcD rose to say that conditions were not tha same. 
Tbe atomic age had arrived. Power plants con ss well bo built in 
Saskatchewan as in Hamilton. Wlio can predict the industrial future 
of our Canadian West in this new age ? 

ATOMIC ENERGY IN MEDICINE 

Jt was recognized at once that the wealth of radioactive fission 
products made available in quantity bj atomlc'energy plants bad 
opened up great now possibilities in medidne. The half-life of 
some of tliese is long enough to make them useful. Phosphorus, 
P •*, has a half-life of 14.3 dajs. Iodine, E has a half-life of 8 days. 
TVeatment by radium may be completely superseded by the use of 
such new prcducts as these. 

They can bo used as tracersL Badioaedve sodium, Na injected 
into the blood stream in one hand reaches the other baitd in 20 seconds. 
If taken internally it reaches the linger tips in 2 or 3 minutes. Badio- 
active carbon, G“j may help ns to understand the whole prex^ss of 
metabolism. Some scientists claim that its production may well be 
worth all the money spent on atomic fission. Its half-life is about 
10,000 years. 

Iodine, 1 if token into the human system lieads for the thyroid 
gland, as does ordinary iodine. Can cancer of the thyroid be cured 
by lettiug iodine, I^, seek out its prey I BadJoactive phosphorus, 
concentrates in the spleen and liver, so that large doses can he 
given these organs. Already this isotope has given spectacular re¬ 
sults in the treatment of polythemia vera, a sort of cancer of the red 
corpuscles. But here, as always, must follow an imm ense atnount 
of investigation of just how each fission product acts on human tissue, 
what human enemy does it attack, and what is the proper dose that 
will kill ibis enemy and not unduly injure healthy tissue. We are 
just entering the Promised Land—the Atomic Energy Age. 

CHALK BIVEB 

1 had hoped to speak briefiy on our Canadian atomic-energy plant 
at Chalk River, wdiicb I visited last summer. However, this lecture 
is already too long so Uiat tny remarks on this topic must be very 
sketchy. 

This site, halfway between North Bay and Ottawa, on the Ottawa 
River, WHS chosen because it had three main qualifications. It had 
nil ample supply of pure water, it was accesihle for bringing in 
heavy machinery, and It was not near large centers of population in 
case of accident. In less than 3 years huge buildings have b«en 
erected and these are carefully guarded. In order to gain entranoe, 
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one has to lay plans some weeks in advance, be finger-printed, have 
his past history checked, and declare that he will not sell out to the 
enemy. Inside is the sign, ^What you see here, what you hear licre, 
stays hero when you leave here.” In dome respects it is almost like 
a university, for there were lectui*^ almost daily, as each department 
tried to keep the others informed of its latest discovery. Every'where 
the greatest precautions are taken for safeguarding the health of the 
workers and visitors. In certain buildings doth shoes and coats are 
pmvided, to tnsut*e that we did not inadvertantly pick up some radio¬ 
active particle, which might cause a hum. The chemists watch^ their 
experiments tlirough periscopes, Jfo work is being done on atomic 
bombs, but important investigations m industrial and medical ap¬ 
plications of atomic energy are under way. I found it a stuuiiiating,, 
almost an exciting place, to visit* 

The workers at the Chalk Kiver plant are housed in a town site, 
Deep River, 12 miles by bus up die Ottawa River. This, too, had 
a guardtiouse at its entrance. Tliree yea.rs ago the site was just sand 
with a light stand of evergreen and birdc Bulldozers ripped out 
the streets, sidew^alks went down, some 400 houses went up, and now 
behold a town of some S,000 people. A staS house shelters and f^ds 
about 200 workers and gueata- There is a general storCj a five-room 
public school, a hospital with plenty of maternity coses, a recreation 
center, and a church being organized- Some 20 clubs, camera, chesa, 
skiing, etc., fiourish. It is a young people's town. The number of 
academic degrees held by its inhabitants per capita k probably the 
highest in Canada^ 

CONCLUSION 

I conclude with the following quotation from the Presidential 
Address to the Britisli Association delivered in 1934 by the late Sir 
James Jeans: 

Science bus ^Jven man eontrol over uatiire befete tie has galnea eoatrel over 
blmselL The traKPOy does not Ue in man having so much ocleiitUlc coutTol over 
nature, but In hla havlag little control over hliuseir. Human oatore cJiangcs 
very Hlowly hehI so foivTer laga behltid liumnu knowledge wlLteli ucruiunlal^ 
very rapidly. Sclent the knowIiMlge la tranamlttcU Irom one generation to 
another while acaulml characterlatJca are not. Tima Sn reapect of knnwledge 
iraeb generntion etajids on tho ehoulders of Ita preUreeBsor but In respect of 
tiiiJUBn nature both stand on the some gronnd. 
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(^enerat Wef^e^n t/nf^ Te^eprsph Cif. 
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[TVith 3 plAtf«] 

Inasmuch ns tiie W^tem Society of Engineera is comjK^ed of mmy 
branches of the ejigmeering profession who may not be fsimilinr with 
terms used in the communiciktioiis fields I shall endeavor to review 
the progress of written conminnications from the early Morse days to 
the recenGy developed microwave radio beam in what our transmit* 
sion research enginoerj F, B. Br^mihaU, likes to call '*hasic barnyaixl 
English.^^ 

To many people, a telegram calls tn mind a mental picture of a 
Western Union messenger boy pedaling his bicycle dowm the street, 
or of a Morse operator copying a message by listening to the dots and 
dashes of a rounder. New and improved mctliods of operation Imve 
made strides to change tliis mental picture of telegraphy. 

The telegraph waa invented in 1S3S and mechaiucally perfected 
in 18ST by Samuel F. B, Moi^se. The practical telegraph instru¬ 
ment, as he termed St, was exhibited in Ills rooms at New York Uni* 
versity. His receiver consisted of a magnetically operated pendulum 
mounted on a picture frame, marking on a moving psq^er tape. It was 
not iititil 184 i Uiat the first public telegi-apli message haUi God 

wixmglit?” was sent by Morse over the line from Washington, 
D. C., to Baltimore. 

The marked paper tape had to be deciphered by the receiving opera- 
tor imd the message written on a blank. The speed of operation de¬ 
pended on the ability of tlie sending operator and the iweiving equip¬ 
ment and was probably less than 10 words a minute. 

It took but a short time before the receiving operator found he 
could read the dots and daslies without having to lcx)k at the tape- 
translating the sound was itmch easier^ Improvement in apparatus 
allowed the operator to send about 11 dots per second with a semi¬ 
automatic sending machine termed a ^bug.*’ Exceptionally good 
sending and receiving operators could handle an average of 100 short 
messages an hour. 

^ Ifite-il br E»onnJMloii from thi* JaumMl of Ibf WeBJerU of ^ iflowf*, to], 31 , 

Nq. 3, pi. 1* ErpEciabcr 

ISl 
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Duplex telegraphy w«s invented by the president of tlie FranMin 
Telegraph Co. in 18T2. This aUowed Bimoltaneous sending and re¬ 
ceiving at each end of the circuit, doubling the circuit capacity. The 
Western IJnioti purchased this patent, then made arrangements with 
Thomas A. Edison to see if ony latent possibilities could be developed. 

After considerable experimenting, Mr. Edison invented the Quad¬ 
ruple. This method allowed two simultaneous sendings in each 
dii'ection. The single cii^uit capacity hod now been increased four¬ 
fold. 

The WTieatstone siphon recorder, an English invention, was brought 
to this country in 1883 and was used extensively ou the earlier cable 
circuits. It was soon replaced on land lines by a faster type MTieat- 
stone recorder. An inked wheel marked the dots and dashes upon a 
rapidly moving strip of paper. Signals from both of these systems 
wera truiisiuitted from perforated tape. The recorder could handle 
about 90 words per minute, but it was necessary to translate the tape 
and write the message on a blank. 

During the period 1901 to 1910, many printing telegraph systems 
were developed. The better known were the House system which 
printed on a strip of paper and the Buckingham system which printed 
directly on a message blank. 

The Barclay system was developed from Buckingham patents about 
t901-0& and ivas the Brst printer to stand up under heavy tralSc. It 
would handle about 50 words per minute but required frequent and 
careful adjustment of the selectiug mechanism. It was soon xe- 
placed by the Mortrurn-Kleinschmidt printer, an invention of Howard 
Krum of Chicago. 

About 1912 the Western Union-developed page printer had been 
installed on the heavier circuits between New York end San Fran¬ 
cisco. The first printer had a stationary carriage and movable type 
wheel. Later on, a type bar printer was developed which used the 
Baudot code system and is now being used in conjunction with the 
Multiplex. The present 21-A tape printer will handle T2 words per 
minute with average maintenance whereas the earlier printers re¬ 
quired continual adjusting. 

It was soon found that the line-wire circuit was capable of carrying 
signals much fester than a single operator could send them or faster 
than a single receiving printer could print them, clear the selecting 
mechanism and be ready for a second Incoming signal. In order to 
make full use of the circuit, it was necessary to develop a method which 
could handle signal impulses to the full capacity of the cirenit. This 
system is known as the Multiples and is used throughout our system 
to handle the major portion of trunk-line trsjfic. 

The Multiplex divides the use of the circuit among a number of 
channels. The sending distributor picks up signals from the traus- 
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mitting \iniis of the different channels and turns them to the line 
in proper sequence. At the distant iepiniual they are picked up by 
a receiving distributor mid turned to the corresponding printers* In 
order for the transmitter on chejmel 1 to send to the distant printer 
on channel 1, it is necessary to ^chrouixe the sanding and receiv¬ 
ing distributors and drive theta at closely regulated speeds by sjn- 
chronDue motora. 

Alternating current for the motors is supplied by accurately regn- 
bted toning forks. After the receiving distributor is brought in 
phase, an accurate phase-correction circuit is applied which will bold 
the receiving distributor in step with ilie distant sending distributor. 
It is not necessary to transmit a special phasing pnlse as the phase-cor¬ 
rection circuit operates from line intelligence signals, Esperimeuts 
have been made in driving tho isetidhig and receiving distributors from 
a Common frequency source and using no correction at the receiving 
end* Long diistanees between terminals has prevented the adoption of 
this method of maintaining synchronism because of the lack of a 
common power source. 

The Multiples is operated duplex, as 2, 3, or 4 chanuek, depending 
upon traffic load and circuit conditions* A standard operating speed 
of 66 words per minute has been adopted in order to facilitate the 
patching of clmnneJs between Multiples systems, 

A 4^haimel system, duplexed, working at 66 words per minute, with 
4 sendings at each terminal, will provide a total message capacity of 
62S words per minute. This is a considerable increase from 10 words 
per minute of the original recorder used on the Baltiniorer- Washing¬ 
ton circuit. 

The Teleprinter haa almost entirely replaced the Morse method as a 
means of operating lightly loaded circuits. Most of you are familiar 
with this machine which sends from a slightly modified typewriter 
keyboard and receives on either tape or page copy- The sending 
and receiving units may be operated independeiitly or in series, 

Tlie Teleprinter uses the 5-utiit code of the ilnltiplex with the 
addition of a phasing and stop pulse. The phasing pulse is necessary 
to start the receiving distributor with the transmitting cam and the 
stop pulse stops both the receiving and sending units so they wiU both 
start in phase for the next signal. 

Supplementing the Multiplex and Teleprinterj we have the Vario- 
plex, Telefax, and Photofux, Tim Varioplei uses the higli capacity 
of tho Multiplex system and by means of a control nick, a number 
of reperforator racks, as many as 36 Teleprinter subchannels may ho 
operated over a single wire. 

Telefax and Photofax ate Western Union developments of the prin- 
ciplea of facaimile. Telefax utilizes the pick-up of a reflected light 
beam through n photoelutctric coll which translates changes of light 
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ititeiisity to corresponding changes of electrical intensity as the scan* 
niiig beam passes over the copy being transmitted. At the Toceivmg 
end, the intelligence may be reconverted to changes of light inteiteUy 
and recorded on a photographic film as a negative. After developing, 
a print from the film negative Trill give a positive of the original 
material from ivhich transmission ’^aa made. 

The received changes of electrical intensity may be inverted from a 
negative image to a positive image and recorded by a stylus on dry 
Tclcileltos paper. Tliis gives an immediate positive of the original 
photograph, message, drawing or other transmitted material without 
any furtlier processing. Good photograph Imlftones may be made 
from this copy. Development of this equipment was halted by the 
war but our iaboratories have resumed research in this method of 
communication. 

Telefax inslaUations in China have greatly speeded up communi* 
cations in that country. Prior lo Telefax, it was nec^sary to assign 
a number to each Chinese character in order to transmit a message 
by regular telegraph. This required that a message be coded in num¬ 
bers, transmitted by standard telegraph, deciphered, and written on 
a blank. Trsnemission by Telefax gives an immediate reproduction 
of the original message with no chances for errors. The entire co^n- 
tents of a standard telegraph blank may be transmitted in a little 
over 2 minutes. 

Outside of the commercial telegraph field, one use for this system 
has been in the handling of railroad train orders where accuracy in 
transmission is absolutely essential. 

The transmission of intelligence from the various types of terminal 
equipment over open wire land lines has proved to be one of onr great¬ 
est difficulties in die maintenance of uninterrupted service. The phys¬ 
ical hazards of sleet, ice, tires, floods, railroad and vehicular wi^ks, 
and tornadoes have caused our Dispatching Bureau many hours of 
“blood, siveat, and tcore.” Poor and corroded wire splices, kite tails 
that get tangled in the line, the boy (and, 1 might add, the man) with a 
22 riite, who fiitds insulaturs a tempting target, all add up to the inces¬ 
sant patrols by our linemen. 

Interfeiience caiisetl by inductive coupling to power tines, lighting, 
and the interference induced by adjacent telegraph circuits have lim¬ 
ited the distance over which transmission may be satisfactory witliout 
repeaters. Wlien the signals become too badly mutilated, they may 
be rebuilt by regenerative repeaters, but this equipment is expensive 
and requires expeit maintenance and adjustment. 

In a grounded tetegrapll system such ns we use extensively, a bat¬ 
tery is applied to one end of the wire and the opposite cud grounded, 
thus completing the circuit through the ground back to the battery. 
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Any disturbance to the earth potential will seriously offeet operation 
over this type of circuit. On the morning of March SS-24, 1040, 
approximately 800 volts difFcrence in earth iwtential was observed 
between New York City and Binghamton, K. Y. This means that 
with one of the wires grounded at Binghamton, the New York t^- 
board attendant would see oft his voltmeter connected to I ho New 
York end of the wire, not the Binghamton ground but anywhere 
from 0 to SOO volts of battery and varying from i»sitive to negative. 
At times the musitmim potential would hold steady for 30 seconds 
or more, decrease in intensity, then suddenly reverse potential and 
increase in intensity until approximately 8tjo volts of the ojjposite 
potential was reached. Under these conditions, telegraph signals of 
160- or 340-volt potential were entirely obliterated. 

Trouble is also experienced during very wet weather when a thin 
film of water on the glass insulotore acts os a high resistance conductor 
and allows a small portion of the transmitted battery to leak off to 
ground at each telegraph pole and return to the transmitting station. 
Although this is a very small amount at each pole, when yon have 
n aOO-mile circuit with 40 poles per mile, 8,000 such lente do not allow 
much of the transmitted signal to get through to tlie distant end. 

Wlioti a second wire is substituted for tlie ground return, many of 
the above troubles are eliminated. Tliis typo of operation requires 
twice the wire facilities for the same number of circuits. One type 
of metallic system used by the telegraph company provides three 
excellent circuits from four wires. 

In order to provide a more stable means of transmitting intelligence 
between terminols which would not he affected by the inherent hazards 
of grounded operation and provide a number of circuits over a pair of 
wires, the TVestern Union began eipcrimenting with carrier operation 

in loar. 

The first 4-wire, amplitude-modulated carrier system was placed 
in service between New York City and Buffalo, liVliile this system 
was a great improvement over physically grounded operation, it needed 
many Improvements. 

Tho B-3 system was placed in operation a short time later between 
New York and Chicago. This was a 4-wire, amplitude-modulated 
svstetn originally desigtie<1 for 20 operating channels. Cbaimcl fre¬ 
quencies nm from 450 cycles to 6,450 cycles with a 300-cycle channel 
width. Carrier current for the individual channels was provided 
bv a Hnftimond generator, an adaption of the same machine that 
supplies the basic tones for a Hammond electric or^n. 

The addition of an automatic bins corrector to the cliannel terminals 
to compensate for changes in the received level, made these circuits 
far better than any ground return circuits for the operation of high- 
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speed Multiplex circuits inhere the line frequency resches 66 cycles per 
second on certain letter combinatiotis. 

The nmplitade-modnlated system stiil had difficulties inherent in 
this type of operation. Any rarktion in the received signal strength 
had to be compensated for by similar changes in the relay bias circuit 
Your amplitude-tnodulated radio suffers from the same types of 
interference. 

Continual research by our Carrier System Development Group pro¬ 
duced the first frequency-modulated terminal in 1937. A series of 
imrovements led to the installation of the first type carrier system 
bcttreen Dallas and Los Angeles in the fall of 194S. This was a two- 
wire system, using frequency-modulated terminals and provided one 
voice Manuel in each direction of transmission. The frequencies of 
the nine telegraph channels in the west-bound voice band range from 
7it0 cycles to 3,150 cycles and the east-bound band from 4,050 cycles to 
6,450 cycles. 

The frequency-modulated telegraph channel will continue to deBver 
a perfect signal even though tlie input power to the receiving channel 
amplifier may drop to one thnee-hmidredths of the standard value. 
Tlie FM telegraph chnimels have contiuued to work without inter¬ 
ruption when the physical wires over which they were working were 
so badly weather-bound by heavy fog that Morse signals could not be 
read between Chicago and Indianapolis. This system has also con¬ 
tinued to work when one wire of die pair was broken and both ends lay 
on the ground. 

The type “F** is also a two-wire system which provides two voice 
bands in each direction with a top freqeney of 16 kilocycles. The two- 
wire type system provides four voice bands in each direction with 
the top frequency of 30 kilocycles. 

Nine wide-band FM channels may be placed on one voice band. 
These channels will carry signaling frequencies up to about 75 cycles 
per second. Sixteen narrow-bond FM telegraph channels may also bo 
placed on a voice band. The narrow-band channel is designed for a 
top frequency of about 33 cycles per second and will be largely used 
for Telcpridtcr operation. 

Even with all the margin provided by FM operation, interruptions 
to the service were caused by weather conditions over which we had 
no control. Early in tlie spring of 1946, ice formed on the wires in the 
vicinity of Sidney, Nebr., until they became 3 inches in diameter. 
The weight of this much ice will break the wires in many places and 
if there is a slight wind, the ice^coven^d wires will start to awing and 
break off many poles, sometimes every pole bet ween sections that are 
not extra-heavily braced. 

Terminal equipment appeared satisfactory, but trouble-free trans¬ 
mission was required between terminals in order to render the best 
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possible telegraph ^rvice. Coaxial cable "will piovide this type oi 
seirice where large numbers of circuits arc required, but the cost is 
high and where high frequencies are used, repeaters are required at 
frequent in ter va1 s. 

The Western Union electronic laboratory at Water Mill, Ix>ng 
Island, has continuouidy investigated the possibility of radio as a 
medium of transmission. Up to 1940, the use of radio was not advis- 
able, for tlie frequencies used at the time did not provide die continuous 
St4-hour service the j'car around that is required for dependable 
telegraph circuit stability. 

The concentrated development in the ultra-slioit-wave spectrum for 
radar tecJiniques during the war disclosed that when the superhigh 
frequencies were propagated under linc-of-sigbt conditions, they ap¬ 
peared to be quite stable. They were not affected by magnetic storms 
or lightning discharges so it was apparent that this method of trans¬ 
mission might be the solution to our problems. 

-Before the war, equipment was not available to construct oscillators 
which would generate frequencies much above 400 megacycles. Os¬ 
cillator tank circuits were reduced in size until the capacity between 
elements in the vacuum tube W'OS used as tank capacity and a single 
turn of wire for the tank inductance. The answer to generating still 
higher frequencies was found in a new type of tube which utilizes the 
speed of electron travel. Two types of tubes of this classification were 
used during the war for radar work. They are the Magnetron and 
Klystron- The Magnetron was developed by Dr. Hull in the General 
Kleetric laboratories and was improved on fram time to time, Rus¬ 
sian scientists added a bit, but it was not until about 1940 that Hngltsb 
scientists made further improvements which enabled them to use the 
tube for higb-frequency generation. The Klystron tube was in¬ 
vented by the Vorian brothers at Stanford University. Either of 
these tubes is capable of generating frequencies up to 30,000 mega¬ 
cycles. 

It has been found that at these high frequencies, where the wave 
lengths become several centimeters or less, they may be controlled in 
much the same manner as light. There is still a long way to go before 
the wove length of visible light is reached. At a fr^uency of 4,000 
megat^cles. the wave length is 7.5 centimeters or 3 inches, while in¬ 
visible infrared rays have a wave length of about 0.01 ceutimeter in 
length and the wave lengths of visible light rays range from 0,00007 
to 0.00004 centimeter in length, 

A parabolic reflector, such as is used to concentrate the small candle- 
power of a tiny incandescent lamp in an automobile headlight, may 
also be used to concentrate the radiation of the microwaves. It is not 
practical in standard broadcast wave lengths, for in order to concen- 
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ti'nte the broadcast frequencies of 720 kilocycles into a beam 6® in 
width, it would take a parabolic reflector approximately 13,000 feet 
in diameter. Now to concentrate the radiation of 4,000 megacycles 
into the same field pattern, we would need a refiector only 30 inches in 
diameter. 

With such a reflector, instead of letting the radio waves go off into 
free space in all directions, we are able to ooncentrato them into a beam 
only 6® in width, the angle being inversely proportional to the dia¬ 
meter of the reflector. This results in a very small field of intense 
radio energy at the point at which the beam is aimed. In fact, the 
i-eflector increases the energy 30 decibels, which is a gain in power 
of 1,000 to 1. For example, a nondirective antenna might require 1,000 
watts to give the required field strength at a given point, Witli the 
parabolic reflector, only 1 watt of power would be required. If ^the 
receiving antenna is surrounded by an identical reflector, the receiver 
will pick up 1,000 times as much power as it would if the antenna was 
out !n free space. 

The net practical result is that radio repeater stations may be spaced 
about SO inil aR apart and we will require only one-tenth of 1 watt of 
radiated power to give dependable ^-hour servico, where before we 
would require 90 to 100 kilowatts. 

The ability to concentrate the microwaves in a small space makes 
it possible to use the same frequency for sending or receiving from os 
many as eight positions at one location, or one for every 45® of the 
compass. 

All radio waves are propagated in straight lines, microwaves in¬ 
cluded. The difference between the longer standard broadcast waves 
and microwaves is that when the low-frequency waves enter the ionised 
layers of the upper atmosphere, this refractive medium causes them 
to be bent and some will return to the earth. Here they are reflected 
upward from the ground and again refracted to appear a second time 
on the earth. If the sending-signal strength is great enough and the 
signals enter the upper atmosphere at the correct angle, they may be 
reflected back and fortli and eventualty go around the earth. 

The height of the ionized layer that causes the low-frequency vraves 
to be bent back to the earth varies continuously. The F-layer ioniza¬ 
tion decreases after sunset and roaches o minimum just before sunrise, 
After sunrise it splits into two distinct layers of ionization, which 
are termed F-1 and F-S, These layers remain separate during the day 
but merge into one at sunset. Tlio average height of the F layer is 
about 185 miles, the F-1, 140-130 miles, and the F-2 ISO-SSO miles. 
A long-wave-length signal entering these ionized rsj^ons at a con¬ 
stant angle will not always return to the earth at the same place as 
the skip distance varies as the height of the ionized la 3 rers change duc- 
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ing tha day. The skip dlstaDca not only depea ds u pOD the time of day^ 
bat the phase of the sunspot cycle, the geographical location of the 
transmission path, and the season of the year, ^Maintaining commiini* 
cations by use of this medium could not be considered reliable enough 
for the telegraph company^ use. 

When the micrcv&yes enter this ionised region of the npper atmos¬ 
phere they through it, regardless of the angle at which they enter. 
This makes it necessary to transmit them pajallel to the surface of 
the earth, catch them before they leaye the earth at the horizon and 
retransmit them to the next tower. While the retransmission from 
tower to tower is more expeneiye than a standard broadcast which 
uses the ionization refraction for retransmission, it gives ug a 24-hoijj- 
a-day seryice that the longer-wave-length frequencies can never equal 
in dependahilitj. 

During March 1&40 there were a number of magnetic stonna, some 
of such seyerity os to blank out commercial radio, halting trons-AU an- 
tic air trayel, whDe the microwave beam circuit showed no interfer¬ 
ence from tbe aurora borealis. 

At this high frequency we are not bothered by any man-made or 
nature-made static,- it is even above that of a hghtning discharge. 

Testa were made by haring an airplane fly directly in tbe path of 
the beam. Ifo serious deflections of the reoeiyed power level were 
noted until the plane was about fiO feet from the reflector, 

Sever^ difficulties were encountered in developing the transmission 
of the microwayes when the beam was transmitted parallel to the sur¬ 
face of the earth. One is the absorption of energy by water vapor in 
the air, but this is not serious for wave lengths greater than B centime¬ 
ters. For the shorter wave lengths, such as at 1 centimeter, a heavy 
rainfall will drop the receiving power level 5 decibels, which would 
not be noticed in FM reception, but a cloudboret along a l-mile path 
of the beam will drop the received level to one-thousandth of the 
Dormal value. 

A slow s^nl fading was noted throughout the year, but in the Fhf 

re^^ver this chajige caused no harm^ 

A more smoua type of fading was noted in the latter part of June 
1945, when in the early morning hours of a still night, especially dur¬ 
ing periods when the humidity was high, the rtweived signal strength 
would fluctuate wildly. The transmitting power was increased but 
the results were stiU unsatisfactoiy. An investigation of the field 
strength at the receiving tower disclosed that the line-of-sight signal 
was being canceled by an out-of-phase signal. By placing a second 
receiving reflector between 25 and 2T feet below the upper one and 
t^ing the combined output from the two reflectors, a fairly steady 
signal could be obtained as the fading did not appear simultaneonaly 
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at both reflectot^ The resultajit ei^al Taxation is well within the 
limits of the FM receiver and ejEceUent results have beea obtained. 

The present explanation is that during periods of perfect ouhn 
there is a stratification of either temperature or hmmditj or both 
which wUl refract the transmitting signal causing a multipath re¬ 
ception at the receiving parabola. 

Studies indicate that the initial installation cost and annual ex- 
pcuse of operation of a microwave relay system will be lose than that 
of a land linCj especially if the capacity of the microwave system is 
fully utilized. Very little time wUl be required for installation of the 
towers and they can be moved without too much trouble, Bolocat- 
iug any stretch of land line is a long-drawn-out operation, with 
numerous interraptions to service. 

These and many other advantages led the Western Union to ini¬ 
tiate a comprehenBiva experixneDtal program for the use of micro- 
waves for commercial telegraphy^ A patent license ogreemeiit was 
entered into with the Badio Corp, of America in July 1944 for use of 
the nec^sary radio circuit patents. Similar arrangements have also 
been made to use the Amistrong method of frequency modulation. 

The design of the radio equipment has been rapidly developed from 
what were essentially radar techniques to those that will meet the 
requirements of telegraphy by the Victor Division of the Eadio Corp, 
of America at Camden^ X. J. The telegraph company's ongineers 
have developed the high-capacity WN-2 carrier system which will be 
used in conjunction with the microwave beam system. 

The Western Union carrier which feeds into the radio transmitter 
will consist of 82 voice channeld^ each of which may carry either 
16 nairow-band telegraph channels^ a telephone, or a facsimile cir¬ 
cuit, The 18 narrow-band telegraph channels are in two groups of 8, 
each of which has a frequency spread of 526 cycles for chaimel 1 to 
1^675 cycles for channel 8. By means of a frequency translator, iden¬ 
tical terminal equipment is used for the second group, which, after 
translation in frequency, appears as a band from 2^02$ cycles to 3,075 
cycles. Thus the two groups fill a voice chaniiel that has a bond wid^ 
of approximately 300 to 3,300 cycles^ This moans that only eight basic 
telegraph channels are required. Sixty-four duplications of each of 
the ei^t channels will be used for the entire carrier system instead of a 
total of 512 channel tenmuals, each having a different frequency. 
This ia made possible by the frequency tranglator or Tarktor, a simple 
copper oxide or crystal rectifier. 

The output of each of the 32 voice bands will be identical but, again 
by using the frequency transJatorj each voice band has its ontput 
translated so that they may be “stacked^ one above the other ^ ^ 
frequency spectrum, and at the carrier system output there will 
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frequencies of 525 to 150,000 cycles, all originatkig from eight basic 
clmtmel frequencies. 

The potential capacity of this system is enormous. If nine wide¬ 
band, high-speed carrier channel terminals were assigned to each of 
the 33 voice channels, we would have 28S clinnnek over which we 
could operate the 4-channel MultJpls:ir. This would give us 1,152 
Multiples channels, each operating at 6G words per minute, a total 
of 76,033 words per minute in each direction over the entire carrier 
system. 

In case we should get both feet clear off the ground and assign 
a 36H:hannel Variopl^ system to each of the 2SS high-speed carrier 
telegraph channels, we could get 10,363 sending and recaiving Tele¬ 
printer circuita for subscriber service. 

If the narrow-bond telegraph channel terminals were used on the 
32-voice channel carrier system, we would have 512 sending and i^ceiv- 
ing positions at each terminal. 

During the first stage of the modernization program, a number of 
2-chamiei Multiplex circuits will be e^ahlisbed between the larger 
offices. These will operate at 66 words per minute, or a line frequency 
of 33 cycles per second. Dii the ultimate, plana are to discontinue the 
use of the Multiplex with its complicated equipment and use nothing 
but Teleprinter circuits, as the simplicity and flexibility of this type 
of equipment will more than offset the high load capacity of the 
Multiplex. 

Badio relay stations will be spaced from 20 to 50 miles apart, de¬ 
pending upon tlie topography of the land. The location will also 
depend upon the availability of satisfactory commercial power and 
will be near good roads. The height of the open steel towera will 
range from 06 to 120 feet, as St seems advisable that the transmitted 
beam clear any obstacle by 30 to 50 feet^ 

A small cabin 12 feet square and 0 feet high will be mounted at the 
top of tlia tower* Windows which will be transparent to the micro- 
waves will be provided* Several materials are available for this use, 
such as plcxigla^, lamiiiEited bakelite,bnt tests indicate tliat impreg¬ 
nated fiberglu^ clodi has the lowest loss for the high-frequency waves. 
Ice on an opeu reflector apparently does little berm, while wet snow 
will cause a large drop in signal atrerigth* Provisions will be made to 
house a total of four refiectorg with their accompanying high-fre¬ 
quency oscillator circuit cabinets in each tower, 

A sturdily constructed concrete building about 10 by 30 feet will 
be located at the base of the tower. It will be heated in the winter and 
ventilated in the summer in order to keep the humidity os low as 
possible. 

The balance of tlie radio equipment and a reserve power plant will 
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be located in this building. The radio equipment is designed to work 
from single-phasej 60-cycle commercial power. In the event of a com- 
mercifti power failure, the radio load will be autGinatic^lly transferred 
to the output of a storage-battcry-driven ttlternator or vibrator. At 
the same time a gasoline-engine-driTen alumator is automatically 
started and after the engine has reached oi>crating speed, the radio 
load is transferred to this power supply and remains there until the 
commercial power is restored. A floating rectifier will keep the storage 
battery cliarged. 

Strategically located maintenance men will service the equipment 
at thi'ee or four radio relay towers. They will b© fumialied with an 
automobile containing an assortment of testing equipment and spare 
partSf although it is planned to do most of the repair work at th© 
mnintainers headquarters 

A service channel has been provided for testing purposes between 
the terminals and includos all the radio relay stations. This chanuie] 
is independent and does not interfere with the traffic ehannch 

Fault-finding equipment will be provided at the terminals so that 
the operating condition of each unattended tower repeater may be 
quickly determined. A preselected audible frequency will be sent 
by the tenninalj which, by means of a band pass filter^ will bo received 
by tlie repeater station selected. This signal will bo sent back to 
the terminal station after certain intelligence has been added and 
will indicate operating conditions of tlie equipment at that station. 

Terminal towers will contain radio equipment which will translate 
the ultrahigh radio frequencieg to the 300-150,000 cycle telegraph 
carrier. These f teqiiencies are sent to the main office of the telegraph 
Company over a coaxial cable and by means of frequency transla¬ 
tor a and filters are separated into the 32 voice bajide. The voice 
bands are cither patched to various groups of carrier channel termi¬ 
nal equipment or to voice bands of other carrier systems. 

Some of the terminal towers will not only contain the radio equip- 
meut, but the telegraph carrier voice band translating equipment os 
well. The conditions at Washington. D. C., make this arroiigement 
more practical. At the tower, the radio frequencies will be translated 
to tJie carrier frequencies. These in turn will be broken down to the 
32 voice bitnds and the individual voice bands transmitted over cable 
pairs to the tnaiu office where only the telegraph channel terminals 
will be located. 

The radio relay network is being laid out on a triangular basis 
aa far os jwssible so that with the failure of any one leg communica¬ 
tion may be qmckly leestablishcd by using stand-by facilities on the 
other two legs. 
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The tremendous capecity of the microwaTe system will bo used to 
provide the large number of telegraph chaimels that will be required 
for our projected reperforator ewitchiug systems. The entire United 
States will be subdivided into 16 reperforator switcMng centers with 
each center relaying, by mechanical means, all messages in the area 
assigned to it. Thus, St. Louts, Mo., will relay all traffic for the 
State of Illinois outside of Chicago; Minneapolis will handle every¬ 
thing for North and South Dakota, Wisconsin, Iowa, and Minnesota, 
Each reperforator office will have direct circuits to every other 
reperforator point. 

Wlicn the modernization program has been completed, a message 
from Portland, Maine, destined to Joliet, Hi., will be sent from Port¬ 
land to Boston over a Portland-Boston feeder carrier ^stem. At the 
Boston reperforation center, certain equipment will read a switching 
code signal, w-hich Portland inserts ahead of every message, and will 
automatically switch the signals to a direct St. Louis carrier circuit. 
At the St. Louis reperforation center, this intelligence will be received 
on a printer-perforator. This device perforates the message as coda 
in the tape and at the same time prints the message on the tape. The 
switching clerk notes the printer Joliet destination, presses the Joliet 
button. Various circuits operate to connect the associated transmitter 
to a Joliet circuit and start the perforated tape through the transmit¬ 
ter, so that within the space of a few minutes, the tne^ge will be re¬ 
ceived on a Teleprinter at Juliet. Only two switchings will be nec- 
easaiy to send a message from St. Petersburg, Fla., to Sacramento, 
Calif. The switching at the Florida area reperforation center will be 
entirely automatic, while the received signals at the California area 
reperforation center will be switched by pushing a button. 

Now for the first time we can send telegrams from any independent 
TVesteru Union office in the United States to any other independent 
office in a matter of minutes. By means of the radio relay, which will 
supply the multitude of circuits required, and working in conjunction 
with the reperforator switching aystems, we will have speed and de¬ 
pendability til at was only dreamed of a few short years ago. Tliere 
will be no more worrying about ice on the wires, hoys shooting insula¬ 
tors, kite strings in the lead, heavy wet snow and ice breaking off tele¬ 
graph poles, magnetic storms, and all the other hazards of open-wire 
communications. Thus it can be seen that great strides have been made 
since the days of the Pony Express, and we are truly upon the thresh¬ 
old O'f a new era in written oommunications. 

In conclusion, I wish to thank all my ooworkera for the assistance 
they have given me and a very special “thank you” to the boys of the 
Carrier System Development Group in New York. 
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PLTJTOKTUM AST) OTHER TRANSURANIUM ELEMENTS * 


By Gixnif T. Seabob* 
of (7fc<T7l^t(rVp Uiifrwi^Ji^ Of CalifOfni^ 


[WltH 1 pUte] 


Ever since the first classification of the elements into the periodic 
table arrangement, it has been felt, and as we now know, coroecUy, that 
no elements heavier than uranium exist in appreciable concentration on 
the earth. Since the advent of the concept of atomic number, it hns 
been possible to state this differently—-no elements with an atomic num¬ 
ber higher than 92 are to be found in appreciable amounts, A num¬ 
ber of search^ for such elements of higher atomic nnmber, which we 
may call transuranium elements, have been made, and although success 
in their identification has been claimed in a few ca^, it is now known, 
with the exception of plutonium which exists in extr^dy small 
amounts as described below, that these elements do not exist in appre¬ 
ciable amount on the earth. 

Since 1940, however, the four transuranium elements immediately 
following element 92 (uranium)—namely, element 93 (neptunium), 
element 94 (plutonium), element 9i (americium), and element 96 
(curium)—hare been disoorered as a reault of their synthesis by trans¬ 
mutation reactions starting with uranium u the primary material. 
Of these four transuranium elements, plutonium has assumed the posi¬ 
tion of dominating importance because of its very successful use bs the 
explosive ingredient in the atomic bomb, and of the excellent prospects 
which it offers as the base material for the development of an atonuc- 
energy industry. Plutonium ia the only transuranium element for 
which methods have been developed for production in relatively large 
amounts—that is, kilogram amounts. The development of the chem¬ 
ical processes which ere used in conjunction with this production have 
bc«rh d<?scribed in a pr&rious disca^ion. 

From a purely scientific point of view, how^var, tha othe^r traivs- 
uraniom elements are of nearly os great an interest as plutonium. This 
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ia particularly true smee the wliole group of heaviest elmi^uts, includ¬ 
ing uranium and those immediately below uranium as well as the four 
known transuranium elements and a number of as yet undiscovered 
elements beyond curium^ are members of a transition group. This 
makes the chemical and phj^cal properties of each of the olements of 
the whole group of comparable interest The electron structure of 
these elements, in which the inner aheU” of electrons is being hlled, 
with tlie stable structuie conbiining seven 5f electrons occurring with 
tripositive curium, has been described in a previous dUcussion and 
will not be further discussed here. 

Also, the radioactive properties of the new isotopes in this I'egion 
contribute greatly to our knowledge of the properties of hea\'y radio¬ 
active isotopes, and the knowledge of the nature of the regularities of 
these properties centributea to the understanding of nuclear structure. 

The present discussion will be concerned with the four known trans- 
uranium etementSj neptunium, plutonium, americium, and curium, 

NH^TUMtnn 

ifeptunititn was the first transuranium element to be discovered. 
Using the neutrons from the Berkeley cyclotron, M. McMillan 
and P, H. Abelson in IMO were able to show, with the help of their 
chemical work, that the irradiation of uranium leads to the produc¬ 
tion of the isotope D3**. This isotope, which has a half-life of 2.3 
days, is the decay product of the 2S-minute formed by radiative 
neutron capture in U®*, Their experiments on the tracer scale of 
investigation enabled them to show that neptunium is similar in chemi¬ 
cal properties to uranium. This wa:a probably the most significant 
first evidence that the heavy elements do not have electron structures 
analogous to tho dements immediately above them iu the periodie 
table in which tlia 6d electron shell is being filled. The similarity of 
neptunium to timnium in cbentical properties and its great dissimi¬ 
larity to rhenium^ immediately above it in the periodic table^ was the 
first convincing evidence that it ia the 5f electron diell which is being 
filled in the heavy-element re^on* 

Anotlier isotope of neptunium, Np*”, was discovered early in 1942 
by bombarding uranium with fast neutrons, using the Berkeley cyclo¬ 
tron. This isotope ia the decay product of the previously kno wn T-day 
^-particle emitting which is formed as the result of an (n,2n) 
reaction on U™* The isotope^ Np®*', is of particular importance 
because it has a very long life, emitting fle-particles with a half-life 
of 2.25X10*' years, and because it is available in weighable amounts. 
This isotope is produced during the operation of the large uranitim 
chain-reacting units:, n very fortunate circumstance, for otherwise 
it ia probable that the dement neptunium would not be available for 
study in the macroscopic state. 
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It ia of interest to give a brief description of die complex nuclear 
reactions which lead to the production of this isotope in the uranium- 
graphite chain-reacting units. As is now weB Imown, the nuclear 
chaLn-reaction depends on the following reacdou of the isotope U”* 
with neutrons: 

U“-|-n.-» flsslOQ producta-|'Oeutroa84en€rS7 (1) 

The neutrons liberated in this fission are fast neutrons, and in the 
cose of the natural uranium constituting such chain-renctimg units 
these would react preferentially with the large amount of 
(99.3 percent by weight) and not leave enough neutrons to react with 
the U*“’ to maintain the chain-reaction unless special precautions arc 
tiilron If the neutrons are reduced in energy this situation no longer 
applies, as the probability of the fission reaction increases inarke<Uy 
with decrease in nentron energy. In the uranium-graphite lattice 
structure, in which lumps of uranium arc interapersed in a graphite 
matrix, the graphite slows down the fission neutrons without captur¬ 
ing them. 'ITie fission neutrons which originally escaped from the 
uranium then return fram the graphite to the uranium, and after the 
proper proportion undergo reaction 1 again in order to perpetuate^ the 
chain, the majority of the remainder undergo the following reaction: 

U“-» Np=“* -—^ Pn’’ (2) 

leading to the production of plutonium. 

However, a certain proportion of the fission neutrons have a suffi¬ 
ciently high energy to produce the following reaction: 

Xja*+n.—(3) 

l]efore they escape from tlie uranium into the graphite. The U**" 
formed in this manner decays to the abovc-montioned thus lead¬ 

ing to the production of this Isotope in the uranium in addition to the 
primary desired product, Pu**, and the fission byproducts. In a 
uranium-graphite pile tbelfp^ is produced at a rate corresponding to 
the order of 0.1 percent of that of the primary product, Pu™. 

Some of tlie isotope Xp*” has been recovered by suitable modification 
of the chemical separation process used at Hanford, ^ a result of 
this work and these special runs, several hundred milligrams of the 
isotope Np**' have been recovered and made available for the investiga^ 
tion of its cJiemical properties. 

Using this material, it has been possible to make an intensive study 
of the chemical properties of neptunium, leading to the establiriiment 
of its oxidation states and the properties of a largo number of its 
compounds. This work has shown that neptunium the oxidation 
states VI, V, IV, and III with a general sluft in stability toward ttio 
lower oxidation states as compared to uranium. 
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The relatiTely low speciSc a'acdrity of the isotope Sfp*^ places the 
element neptimium in a dess bj it^f in the transuraniutn group 
because it is relatival; safe to handle from the health standpoint. 
The other transuranium elements are so highly a-radioactive that spe' 
dal techniques and precautions are mandator; when the; are handled in 
ordinal;, let us say milligTam, amounts. However, the half-life of 
Np**’, 225 X10* years, oorreeponds to a specific »-particle activity of 
some 1^ mil li on tt-particics per minute per milljgram, only about 
1,000 times that of ordinary uranium. Material of this level of radio¬ 
activity can be handled without special equipment, provided reasonable 
care and precautions are observed. 

It seems desirable to work toward the modification of the chemical 
separation processes used in the plutonium manufactturing plants in 
such a manner that the neptunium will be completely recovered in a 
routine manner and it seems likely that this wiU be done sometime in 
the future. When neptunium becomes available in moderate amounts, 
one con visualize its eventual classification aa an dement whose avail¬ 
ability to chemists as a whole for study will rank along with a number 
of the rarer elements in the classical periodic table. In fact, it is not 
out of the question that neptunium may some day be used sparingly 
in university laboratory cornrses in qualitaUve anaiyam and advanced 
inorganic chemistry and in courses in nuclear chemistry and physics. 

PLUTONIUM 

Plutonium was the second transuianium element to be discovered. 
The first isotope to be fund was Pu"*, an a-emitter of some 50 years* 
half-life, formed according to the following reactions; 



(4) 

r 

Np“ - » Pu“ 

2,0-day 

(5) 


The chemistry of plutonium was first investigated by the tracer 
technique using this isotope. These experiments showed that the 
chemical properties of this element are similar to those of neptunium 
and uranium, differing in that the lower oxidation states of plutonium 
are more stable. 

The isotope of major importance is, of course, Pu***. This isotope, 
which is an a-emitter with a Iralf-Ufe of aboxtt 24,000 years, is 
synthesized according to reactions 1 and 2 above, and its tremendous 
importance stems from its property of being fissionable vrith dow 
ceutrons, together with the fact that the problem of its moss production 
has been solved. 
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The Plutonium Project of the llfinhatUn District was organist for 
the purpose of producing this isotope, the eipiosive ingredient for the 
atomic bomb. The aret isolation of pure Pu** end the early study of 
its chemistry and the design of the chemical process for its large-scale 
separation from uranium and fisaaon. products, wbich mvohed work on 
the ultramicrochemical scale with only microgram amounts of material, 
hare been described in previous discaasionB, 

The flTuilability of the relatively large amounts of plutoniim, as the 
result of the aucc^ful operation of the chain-reacting ur^um piles, 
has made it possible to make a complete investigation of its chemical 
properties using methods which can be considered to be those of ordi- 
uflry chemistry eicept for the health precautions which are necessary. 
This work has established that plutonium has the oxidation states VI, 
V, IV, and HI, and that tliere is a shift in stability toward the III 
state as compared to ueptunium and uranium. A large number of 
compounds of plutonium have been prepared and their proporti^ 
determined. It may be said that the chemistry of plutonium today is 
as well or better understood thou is that of most of the elements in 
the periodic system, even though its chemistry is very complei as can 
be iudge(l by the multiple oxidation states. 

Because of its relatively high specific a-radionctivity, amounting to 
about 140,000,000 « disintegrations per minute per milligram, spi^ial 
equipment and special precautions are necessary in the investigations 
of its properties. This high a-radioactvity makes it eipcdieut to con¬ 
tinue to use rather small amounts—-that is minigram amounts—for a 
number of these investigations even though largo amounts might be 
available. Even if there were no other reasons, its high «-ra^o- 
activity places plutonium outsids of the class of elements which might 
eventually find widespread distribution among chemists for investi- 
gaiioTL of its chemical propertisss. 

As I have indicated cairlier, the question as to the exi^nca of tmnB- 
uranium elements in nature has long been a matter for speculatitm and 
investigation. It was also indicated that it is now almost eertainlj 
known that these elements do not easist in appreciable amouitts on the 
face of the earth. I would like to discuss this matter further because 
it ia true that oae of these clemeutSs piutonium, has been experimentally 
found to exist in nature in minute amount. 

The knowledge of the chemical pTOperties of neptunium and plu¬ 
tonium which had bocoma available os a result of the discovery and 
study of these elements made it po®ible to conduct very effective 
searches for these elements in various minerals^ Early in 1&4S T.^ 

Seaborg and M. L. Perhnau in Berkeley undertook a search for these 
elements in pitchblende ore, the primary purpose at that time being 
to establish whether such a source of a fissioiiablo transuranium isotope 
might serve os a practical source capafala of substituting for the, at that 
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time, imdevetoped and questionable nuclear cfaaia-reaction for produc* 
tion purposes. 

The ore pitchblende was chosen lor this first search because It was f dt 
that a source rich in radioactive material irould offer the most hope 
and also because pitchblende is known to contain a large number, some 
40, of different elements. About 0,5 kilogram of pitchblende ore was 
completely dissolved and subjected to an exhaustive chemical process 
designed to separate and isolate the elements neptunium and plu¬ 
tonium. A small quantity of a-radioactivity was found in this trans¬ 
uranium fraction and these investigators attributed this to the plu¬ 
tonium isotoi>e, Fu^, The amount of plutonium in the pitchblende 
corresponded to about one part in 10^*, an amount whicli could not 
possibly have been found had the chemical properties not been Imown. 
Tlius, although the experiment proved that tills could not be a prac¬ 
tical source for the production of plutonium, it also gave good evidence 
that this element does exist in measurable quantities on the face of 
the earth. 

The relatively short half-life of Pu™ compared to the age of the earth 
mnlrea it tieceffiaiy that it be continuously formed in order that it be 
present on the earth in any detectable amount. There is a mechanism 
for its continuous formation whidi can both qualitatively and quanti¬ 
tatively account for its presence in pitchblende. Uranium undergoes 
spontaneous fission according to the following reaction: 

U“*-* fission productsneutrons+energy (6) 

and the rate corresponds to a “half-life” for this process of some 10^ 
years. If all the neutrons from this process are reabsorbed by U“" 
to form Pii™ according to reaction 2 above, the amount of Pu®" in the 
pitchblende in equilibrium with its parent U™ would be (assuming 
two neutrons per spontaneoilfl fission) 2x24,000/10**=approximately 
600 parts in 10’*. This corresponds to some 100 or 200 parts of Pu** 
per 10“ parts of pitchblende. Thus only about 1 percent of the spon¬ 
taneous fission neutrons need be absorbed by U**, the remainder either 
escaping or being reabsorbed by the many neutron-absorbing impuri¬ 
ties in the pitchblende, in order to account for the Pu“* present 

Tliere are, of course, other sources of neutrons which may be of com¬ 
parable importance in the formation of this Pu=*. For example, 
uranium, and especially its decay products, emits o-particles which 
can give rise to neutrons according to the well-known («c, n) reaction 
as a result of Uieir reaction with light nuclei—for example, lithium, 
boron, IwiylHum, fluorine, oxygen, etc,—in the pitchblende. 

A further search for the presence of transuranitim elements in nature 
was made during the summer of 1942. Another radioactive ore— 
namely, carnotite—was chosen this time, the investigation being car¬ 
ried out by C. S. Gamer, N, A. Bonner, and G, T. Seaborg. As in the 
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case of tlie pitchblende a tr^isuramuEi fraction Trhich would contain 
neptunium and plutonium was carafuUy isolated from the completely 
dissolved camotite ore, about 6 kilograms being used in this case. 
Again an alplm-radioactivity was found, the concentration of the 
corresponding Pu** being comparable to that found in the pitchblende, 

It was originally intended to extend the search for traiiBumnium 
elements to a number of other ores, but tho exigencies of the investi¬ 
gations in connection a'ith tlie Plutoniuni Project made it impo^ble to 
carry out this program. Such a program did not seem justified in 
view of the small amounts which had been found in. the pitchblende 
and camotite. The results of the investigation tempt one toward the 
conclusion that transuranium elements do not exist in practical amounte 
on the face of the earth. There will, of course, be some neptunium, in 
the form of the isotope present in pitchblende, camotite and 

other uranium-bearing ores formed os the result of reaction, S above, 
but it seems very likely that the concentration of this is even smaller 
than the concentration of the plutonium. The amounts of americium 
and curium on the basis of present mdications would appear to be even 
smaller. However, there is just an outside possibility that there migiit 
exist aome transuranium isotope or isotopes, perhaps, whose railifition 
characteristics have not yet been characterized, formed by a mechanism 
as yet not conceived. Thus, although it appears that transuranium 
elements do not exist on tlie earth in any ores in oonccutratioDs larger 
than some one part per 10'\it might be a little premature to make this 
statement too definite and farther searches for such elements might be 
worth while. 

Aai£RlCIDM 

Americium, the elenrent with atomic number 95, was the fourth 
transuranium element to be discovered, its first identification taking 
place late in 1944 and early in 1945. The first isotope of this element 
was identified in the experiments of G. T. Seaborg, B. A. .James, and 
L. O. Morgan at the MetaHurgical Laboratory of the University of 

^rh^tombardment of C*" with very high-energy {40 to 44 Mev.) 
helium ions in the cyclotron leads to the formation of the isotope of 
americium with mass 341—that is, Am***. Tho Am*** is the daughter 
of a relatively long-lived ^-emitting Pu*** wWcii is formed in tho 
primary reaction of U** and helium ions. The reactions therefore 
are as follows j 

U*”d-iIIc*-» Fu***-j-n (7) 

pqwi-, Am*** 

long 

The isotope Am*** emits a-particlea with a half-life of 500 years. 


(8) 
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The aTailabi]ity of tMa isotope of americium made it po^ble to 
study the chemical properties of this element using the tracer tech¬ 
nique* Deductions from this work led to the eoncludon that this 
element probably exists in aqueous eolation in only the one oxidatiDii 
state, the m state* This is in line with tlie tendency toward the 
Etabilization of the lower oxidation states in going to the heaTier ele¬ 
ments in this region. 

It has recently been possible to isolate americium in the form of a 
pure compound of this element. B. B. Cunningham^ working at the 
Metallurglca! Laboratory, has succeeded in isolating this element and 
in studying its chemical properties using a weigbable amount on the 
ultramicrochemical scale. This is a remarkable achievement in that 
the amounts available here were even smaller than those in the case of 
neptunium and plutonimn. This, then, is the third synthetic element 
which has been isolated in pure form. The work of Cunningham and 
L. B. Werner with pure americium iu aqueous solution has confirmed 
the trELcer work by showing that the Hi oxidation state is very stable 
in solution and is the predominant and most important state^ 

Americium, with its SOO-yenr half-life, has a higher specific tt-activ- 
ity than even Pu^. Its specific ^-activity amounts to some 7 billion 
a disintegrationa per minute per milligram. Thus even if this element 
should become available in ordinEij amounts, let us say, milligram 
amounts, It will always be necessary to conduct its investigarion with 
special precautions and using the special techniques for handling 
highly K-active materiaL The investigation of the chemical properties 
of americium will demand investigators who are well trained with 
handling highly a-active materials, 

ctjanjM 

Curium was the third transuranium element to be discovered* The 
first isotope of this element was the laotope, Cm*“, which was idtmdfied 
in 1D44 by G. T. Seaborg, It A. James, and A, Ghiorso at the Metal¬ 
lurgical Laboratory as the result of its production in tlie Berkeley 
604nch cyclotron by the following reaction: 

Pu**+iHe^-► Cm*“+n (9) 

Tlie Isotope, Cm*^j is an a-particle emitter with a half-life of about S 
months. 

The availability of this i30t0|>e of curium made it possible to study 
the chemical properties of this element by use of the tracer technique. 
Extensive investigations have led to the concIuBion that curium prob¬ 
ably exists exclusively in the III oxidation state in aqueous solution. 
It is carried quantitatively by tlie rare earth fluorides in precipitation 
reactions and can be separated from them only with difficulty. 
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The isotope Cm^ is also formed as the result of the strong neutron 
irradiation of Ain*«. The Am*" absorbs neutrons to form a short¬ 
lived (IS-hour half-life) ^-emitter, Am*“, which in turn decays to the 
Cm”*. These nuclear reactions may be summarized as follows: 

Am*-*-!-!! ^ Am »“+y (10) 

Am***-tCm*** (11) 

15-hr, 


Another isotope of curium is also known. The bombardment of 
„ith 44-MeT. helium ions leads to the production of the l-month 
a-emittiug Cm™ by the reaction: 

Pu“*+,He*-♦ Cm»“-|-3» 


The relative yield of Cm*“ compared to the yield of Cm™ from red¬ 
action e above mcreases with increasing energy of the helium ions. 

The element curium has not yet been isolated in the pore state and 
therefore this is the only one of the four known transuranium ele¬ 
ments for which this has not been done.* It is, of course, of interest to 
in<juim whether it will be possible to do this m the future, Appar- 
endy this will be difficult with the present isotopes, Cm™ or Cm™, 
sine© these have rather short half-lives—namely, approximately ii 
months and 1 month, respectively. As has the for the other 
three transuranium elements the first isolation of curium in the pure 
state will probably take place as the result of work on the ultramicro- 
chemical scale with microgram or less amounts of mat^ial. 

The isotope (hn™ with its 5-month half-life has a specific a-activity 
corresponding to about 10» << disintegnitions per minute per milligram. 
This will mean that even 1 mkrogram will correspond to wme 1(P 
disintegrations per minute- A specific B-radioactivity of this magni¬ 
tude gives rise to problems due to (he aggregate recoil of suhmicro- 
grnm particles as a result of the tremendous rate of B-emission. Nev^- 
theless, it seems entirely possible and even likely that cuniim, prob¬ 
ably in the form of the longer-lived isotope Cm« will be isolated m 
the pure state as soon as the problem of ito production in microgram 
amounts is solved. Once this pure element is available in microgram 
amounts it will be possible to study its chemistry by means of investi¬ 
gations on the ultramicrochcmical scale, although each measur^ent 
in this case will be most difficult and laborious. Among the diffi^I- 
tiea hero wiU be the rapid decomposition of the water m the solution, 
the formation of hydrogen peroxide in the solution, heating of the 
solution, and other effects. However, as m the cases of the other 

at ths Tiiii«riltT or CiOifDrnk. 
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three transuranium elements, where it was possible to graduate from 
tracer scale investigations to the more certain investigations with the 
purs elements, it does not seem too optimistic to hope that this will 
soon also be true for curium. 

It is, of course, not improbable that it will eventuallj be possible to 
prepare isotopes of curium of longer half-life. It is, in fact, even 
probable that isotopes such os Cm*“, Cm***, Cm*", or Cm** may have 
longer half-lives and that these isotopes may eventually become avail¬ 
able for investigation. 
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IHE USE OF ISOTOPES AS TRACEBS ‘ 


By A. a W. Atm, Jr. 


ftnd 

F. A. HirTN 


IWltll 1 platel 

inteoddction 

When the periodic system of chemicol elements ifas set up in the 
course of the preinotia century, it was thought that each element con- 
Bieted of only one definite kind of atom. Later this was found to be 
incorrect; an element may oonaUt of different kinds of atoms which 
have practically identical chemical properties—the criterion for denot- 
ing tlio atoms by the name of the respective clement—but “ 

atomic weight by one or more unite. Such isotopic ato^ so called 
because they have to be given the same position in the periodic system, 
mav be etablo or unstable. In the latter case th^ undergo a gradual 
change, accompanied by a radiation, into another kind of atom; they 
are then radioactive. 

Almost all the kinds of atoms occurring in nature are stable, mere 
are only a few unstable ones, namely the weU-known substances with 
natural radioactivity, such ns radium, thorium, uranium, etc. In addi¬ 
tion to these, however, it is nowadays possible to turn each element 
into one or more new isotoiies which do not occur in nature, all of 
which are unstable (artificial radioactive substances). 

A single example wiU serve to Ulustrate the above. The element 
calcium occurring in nature couaists of six stable isotopic kinds of 
atoms, namely, for 1>6.9fl percent Ca*. i. o., calcium ato^ with an 
atomio weight of 40 (in round numbers), and further O.M 
Ca", 0*15 percent Ca**, 2*06 percent Ca*% 0,0033 percent Ca and 0*19 
percent Ca- Furthermore, up to the beginning of the year 1344 it 
Q been found potelble to make artificially six more radioactive cal¬ 
cium isotopes with atomic weights 39, 39, 41,46,40, 49. The vanous 
unstable isotopes can furt her be distinguished from rach other by e 
character of their radioactivity. In the cose of a radioactive atom a 
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oeitaio percentage of the atomic nuclei present ie transformed per 
second into another sort by spontaneous disintegration, each diainte- 
gmting nucleus emitting, according to its sort, a negative or positive 
electron or an a-particle ( helium-nucleus). This is often accompanied 
by an electromagnetic radiation (y-radiation). The intensity of the 
total radiation of a radioactive preparation at any moment can easily 
be meusurccL As the number of nondisintegrated atomic nuclei Is 
eontiuually deci'easing, while the chance of distmtegration remams 
constant for each atom and tlius also the percentage of nuclei disinta- 
grating per second, the radioactivity ob^rved decreases with tune. 
The velocity of this decrease usually eipressod by the ^half-value 
time/’ i. e., the tiiua in which the inteusity of the radiation falls to 
one-half, is characteristic for each i^tope. The aboTe-meutioned six 
radioactive calcium isotopes have half-value times of 4.5 minutes^ 
L06 seconds, BA days, ISO days, 2.5 hours, and 30 minutes respectively. 

The existence of the isotopes is not merely of theoretical interest. In 
tlie last 10 to 20 years isotopes have become an eitremely useful prac¬ 
tical aid for all kinds of scientific and technical investigations. This 
use of isotopes is based for a large part on the fact that an isolated 
isotope of an element takes part in chemical and physical processes in 
exactly the same way as die familiar mixture of isotopes of that element 
which occurs in nature, while the isotope in question can always be 
recogiuzcd by the investigator and can be traced even in a chemically 
identical environment, thanks to its radioactivity or difference in 
atomic weight. The isotope thus functions as a tracer, capable of fur¬ 
nishing information about the process taking place^ which would be 
much more difficult or even quite impossible to obtain in any other way. 

We shall explain this in more detail, but for better orientation of the 
reader we shall fir^ discuss four esamplea out of the large number of 
investigations w^hich have already been carried out with isotopes as 
tracers. 

WHAT CAN BE DONE WITH (R-ADlOACTTIVE) ISOTOPIC THACEBS 

FirH essamph .—In the production of steel, among other substances 
the phosphorus, which h present in quite considerable quantities in 
the crude iron, lias to be rendered harmless by adding a slag-forming 
substance or by lining the crucible with a material that reacts with 
phosphorus. A continuous check has then to be kept of tlie amount of 
phosphoims still pre^nt in the molten metal. This can, of course, 
be done by chemical analysis of samples, but results are obtained much 
more quickly and easily when a snuiD amount of radioactive phos¬ 
phorus ia added to the melt at the beginning of the proc^. This is 
rapidly distributed uniformly throughout the melt, so that the ratio 
between the natural phosphorus present and the radioactivo phos- 
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phorus added is the some ererywhere. If phoaphorus disappears 
from the melt into the slag donting on the surface or into the lining 
of the crucible this takes place to an equal degree with the natural 
and with the radioaetiye elenient. The decrease in the percenta^ of 
phosphorus in the melt can thus be determi ned merely by ascertaining 
the decrease in the radioactive phosphorus. This is estreinely sunplsf 
since it is only necessary to measure the radioactivity of a sample of 
the melt, which can be done very easily with an electrometer or an 
electron counter.^ 

Seevnd exampU.—la many factories the workers come into contact 
a'itb mercury, and it is known how harmful the regular inhalation of 
mercury vapor can be; in course of time a conoeotration of more than 
10“* gram of mercury per m* of air already becomes inj urious to health, 
ft is a difficult problem to detect the presence of mercury in such 
minute proportions, because c hem ical analyses are unavailing in such 
cases. In a certain which occurred in the manufacture of tubular 
liimincsceiit lamps in an American factory, where the lamps were 
filled with mercury vapor at a low pressure, a glass side-tube con¬ 
taining a small drop of mercury had to be “biown” onto the lamp, and 
inevitably the glass blower inhaled a very small quantity of mercury 
vapor into his lungs. In order to determine how much was i^aled 
a number of teste were carried out with a volume of 2 liters of air that 
had been in contact with the drops of mercury under exactly the same 
conditions as in the manufacturing process, this being drawn off by 
suction and passed over a metal plate kept at the temperature of liquid 
air. Practically all the raercury in the air condensed on the plate. 

The mercury used for the exporiments contatoed a known, small 
percentage of a radioactive mercury isotope. The radioacUvity of the 
plate, which was quit© simple to measure after the ciperiment, gave 
all indication of the amount of mercUTy contained in the air which 
bad passed over the plate. In this way a concentration of 5 X g/m 
could be detected. Average mercury concantratioiis were found of 
about 1(H and in one case about 4 XICM g/m', from which it was con¬ 
cluded that in the manufacturing process in question the glass blower 
ran no danger of poisoning.* 

Third tfaramjpie.—When a piece of metal is fosed with a radioactive 
lead isotope in an atmosphere of bydiogeo and then allowed to crystal- 
hze again, there are two p<^ibilities. In some metals, such os thal¬ 
lium and maguesium, lead is soluble to a considerable petcentage, the 
load atoms being uniformly distributed in the grains and tit© poly- 
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cryst&Uine metal obtained. In other tnetala, on the other hand, such 
as bismutii, tin, antimony, silver, gold, copper, and nidccl, in which 
lead is practically insoluble, the radioactive lead is situated on the 
boundaries of the grains. Wlien a microscopic preparation ol the 
metal is made and laid on a photographic plate for several hours after 
development, the plate will be found to be blackened at those places 
where it lay against radioactive particles, thus where lead has been 
deposited. By means of such an ’^aittoradiogitim,^’ of which plate 1, 
figure 1 is an illustration, it is possible in the first place to ascertaiii 
whether and to what degree tiie added lead is soluble in the metal; if 
the lead is entirely dissolved the entire surface of tbe photographic 
plate is uniformly blackened; if the lead does not dissolve, or only 
partially, the radiogram shows up very nicely also the boundaries of 
the grains (pL 1, fig. 1)> Thus the isotopic metliod can also in this 
case furuisli valuable information about the changes taking place in 
the structure of the metal upon recrystaUization and in rolling.* * 
Fottr-th Friction between two metal surfaces is due portly 

to adliesion, the result being that when the surfaces slide over each 
other extremely small particles of metal are tom out of one and taken 
up in the other. This exchange of metal may take place to such on 
extent that two surfaces become, as it were, welded together (the 
familiar seizing). The qiiantity of material thus transferred from 
one metal to tlie other is a measure of the contribution of this effect 
to the total force of friction. In general it is a question of very small 
amomits which chemically can hardly be detected at all. An investi¬ 
gation has now been carried out with the help of a radioactive tracer." 
One metal surface was “activated,” i. e.. It consisted for a small 
part of atoms of a radioactive isotope of the metal. After tliifl sur¬ 
face had been mode to slide over the second, non activated metal sur¬ 
face, the latter also showed a certain amount of radioactivity. 
Amounts of lO*” gram of transferred metal were detected in this 
way, and, urhnt is more, by means of a radiogram, as described in the 
preceding example, also the distribution of the transferred material 
on the surface could be studied. From the radiogram shown in plate 1, 
figure % a, it may be concluded, for example, tliat in this experiment 
the sliding of the two metal surfaces over each other was not con¬ 
tinuous but took place in small jerks. By this niethod the infiuence of 
all kinds of factors, such as the pressure, the hardness of die surface, 
etc., on the transfer of material can be st.udied, as also the effect of a 
lubricant. (See pi. 1, fig. 2, h.) 


4 0, TAmeDt&n mud Bondel, UetoJIk., tiqI, 2^, 153 asd I03S. 

• B. W, Satmanji. J, T, iLdd Jr W. trvLn^. AppL Ptif#., toL p, ■iDG, 
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WHY T0B THACEB METHOD 13 SO OtPOaTAMT 

From these few exiunples we can already deduce the most- important 
aspects which huTe lent such great signiScaiice to the tracer method* 

We first call attention to the last enample discussed. The transfer 
of ijiaterial can also be measured when the two surfaces sliditig over 
each other contain the same metals or even when they are c.^actly 
identical. It must be realized that tliis would not be possible by any 
other known method, since the transfer takes place in both directions: 
there is an exchange of identical particleSi It would not be possible 
by any chemical or physical method to ascertain the origin of the 
metal present on one of the surfaces after the experiment, whereas 
the radioactive isotope immediately gives the answer. 

Processes in which there is an exchange of identical particles are 
very common in nature, not otily in chemistry and metallurgj', but 
csi^ecially in the physiology of plants and animals. The tracer method, 
which ofi^ers the only method of approach, has been used on a lar^ 
scale for the investigatiou of such processes, and the publications in 
that field are innumerable. In a survey of such mvestigations for 
the year 1940 • in physiology alone more than 300 publications are 
cited. But also in the field of technology, for routine testa, and like¬ 
wise in agriculture and chemistry, the method ia being more and more 
widely applied/ 

Although the last example discussed illustrates the possibility of 
studying the exchange of identical particles with the help of an isotope, 
the employment of the tracer method in that case ia not motivated 
only by the possibility mentioned, Wlien two difieront metals slide 
over each other the transfer of material could in principle be studied 
also by other methods. The fact that a radioactive tracer is, never¬ 
theless, used, is due to the fact that a much greater sensitivity can be 
attained with the ladioactivily measurements, i. e., much smaller 
amounts of a substance can be detected than with other methods so far 
available. The same applies to the case of the determination of 
mercuty. In the detennination of phosphorus, which was disen^ed as 
the first example, the indicator method is not necessary in principle 
either, but it was applied there because of the ^ater ease with which 
the quantity of phosphorus could be determined, compared ■with a 
chemical or other analysis. Finally, an important point in the em¬ 
ployment of a radioactreo isotope is that it can be localised so easily 
when mixed with a different or a chemically identical substance, while 
also its distribution can be determined. (&e the radiograms of pi* I, 
figs, 1 and 2.) 

* J. H. I^^DErr^W, Il«T- McWl. PUyt, tdL 12. fi. -AT. 1&40. 

^ Bm. for eUantile. tiff nf fci>pll£mt10iH by Sffftbofjfn Chva. fEfT., toI. 

p. IM, liMO. wln!n=’ EHOM ttuo WM poMScvLlOU mn m^ptlopEd, moat of ILm frO» 
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Wliere TadioactiTe isotopes are applied for the sake of tlio advan¬ 
tages of greater sensitmty atid easier working, while in principle other 
methods would also proride an answer to the qnestiona raised, one 
might speak of ‘^untme^ applications of the indi^ter method. In 
such cases the nature of the isotope is sometimes a matter of indiffer¬ 
ence; in order to obtain a radiogram of the gram boundaries in a 
poljcrjstalline material it would also be possible to use a radioactive 
Isotope of some metal other than lead* provided it does not dissolve in 
the base metal In the *Hrae” applications of the tracer method it is 
quite different, for there it is essential that an botope can be detected 
in identical surroundings. 

In this connection attention should be ^Iled to the fact that the 
tracer method can also be applied with nonradloactive isotopes. The 
atoim of such isotopes are recognizable (labeled) bj their different 
atomic weight and the propertiea connected therewith, such as specific 
weightj velocity of diffusion, heat conductivity, etc. The most im¬ 
portant atoms to bo considered are “heavy hydrogen” (deuterium) of 
atomic weight 2 (approxunate)^ the osygen isotope of atomic weight 
18y and the nitrogen isotope of atomic weight 15. With such stable 
isotopes the measurement of the radioactivity of mixtures of isotopes 
k replaced by measurements of dendty or the like. 

These measurements are gettetaUy much less easy than the measure¬ 
ment of radioactivity and also not so sensitive by far* With stfible 
iaotopes there is, therefore, no question of "untrue*^ applications of the 
tracer method* The reason for using these is solely the possibility of 
studying processes of exchange, where no suitable radioaedve isotopes 
can be found. 

Owing to the very Urge number of applicadons of the indicator 
method (true and untrue) it has become impossible, as well as purpose¬ 
less. to give a survey of these applications, oven if one confined oneself 
to a definite field- Wo shall not^ therefore^ attempt to do so, but in the 
following we shall say somethiug about the origin of the method and 
follow this up with a number of suitably chosen examples, with the 
intention of showing the possibilities of the method different 
angles^ In a subsequent article we shall go more deeply into the 
practical performance of investigatioos with radioaedve and also 
with stable isotopes. As to this practical performance we can only 
point out here that it is not necessary to prepare the radioactive (or 
stable) isotopes onesel f, for they can bo obtained from certain suitably 
equipped laboratories. In Europe the Philips Laboratory in Eind¬ 
hoven, among otherSt has already supplied suitable rmdioaedve sub¬ 
stances for a number of applications. 
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ISOTOPES — ^ATEN AKD HEYN 

OKlOn>! OP TTIE METHOD 

The tracer method was initiated by Heve^, who first diecoTered the 
possibility of studying processes of eschange by tlmt means and im¬ 
mediately put his ideas into practice < in 10IS) . He used the method, 
for instance, to test the theory of Arrhenius about the dissociation of 
electrolytos. In essence his experiment was as follows. From a cer¬ 
tain amount of normal lead a lead salt is prepared, for instance 
chloride, and from a corresponding amount of the radioactive lead 
isotope, which is formed a» a disintegration product of radium, anotlier 
salt, for instance lead nitrate, is prepared. When the two salts are 
dissolved in water, the solutions mixed, and then the two salts extracted 
separately from the mixture, the two lead compounds are found to 
h^vt become equally railioactive. 

The lead atoms from the two salts must, therefore, have been com¬ 
pletely mixed in the solution. This result agrees entirely with the 
hypotheisis that the lead compounds are dissociated in the solution, 

i. e., that lead occurs therein in the form of free ions. 

We have just said that one salt was prepared from normnl lead and 
the other from the radioactive lead isotope. Consequently, in order 
to carry out the experiment in this way a sample of the pure radi^ 
active load isotope would have to be available. Actually, however, this 
is not necessary. It ia sufficient if one sample of lead contains only 
a small amount of the radioactive isotojie. Hevesy rc^gniaed this 
from the verv beginning, as may be seen from the curious story of 
the way in which he came to use the isotopes in this way. He had 
tried in vain to separate radium D from a quantity of lead containing 
a small amount of that substance. Since radium D is an isotope of lead 
(theradioactive isotope mentioned in the radium series; its n^e dates 
from the time when there whs no clear idea of the situation), it cannot, 
as wD now know, be separated by ordinary chemical mcona. It. was 
just thia failure that gave Heresy the idea that he could always dis- 
tingtiish the lead of this sample ‘‘contaminated” with radium D from 
a sample of ordinary lead; in all mixtures with ordinaiy lead every 
fraction of the “contaminated” (radioactive) lead sample takes an 
equal fraction of the original ra^oactivity with it and c^^ thus be 
determined quantitatively by tneasurement of the radioactivity. 

The ■‘contamlnaled” lead te tto-t, M It were. indlfat*fl or labeled hy the radio¬ 
active Isotope Itself, and provided tt Is a hcmeffeaeona mlitore the whole sample 
COD serve as a qniuilltx of labeled Qtoojs. This la la fact obvious whea it U home 
In ndad that the radioactivity of aa elctwat only means that per anlt of time 
a certiitn peiccatage of the atoms pre«:ni Iti a sample dtdotegtates spoataufr 
oosly. If the sample nlao contains n ciiniber of Isotopic atom* which are staMc 
and thus will never dlfdntejtraie, the only resnl t, In the first Instance, Is tliat the 
percentagn of dlslntesratlng atoms per nflU of time, Is Binaller, thas the radio¬ 
activity In “diluted." la fact, tina In the fltnt esamples dinenssed there wore 

yrraso ——-it 
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certain dllntloiiB ot rndEoacllTe phospbornB aad memirr, nod thta la asually tlie 
case wicb artificial radJoactlTe Eubstancea where the deifree of '‘cDDDentratldn” 
of the radlOAcUvlty depends upon the preparation oC the eubatnace. 

Hevcsy’s applications of radioactive substances were not confined 
to eschango experiments. He realised also the significance of radio¬ 
activity measurements as a substitute for chemical analyses, owing to 
the great ease and sensitivity of the method os illnatrated hy our first 
examples, and he thus also made use of ^^imtrue” applications of in¬ 
dicators. Once, when he had reason, to suspect the cleaniiness of his 
landlady, he smeared a bit of “dirt” with a radioactive substance on 
his dinner plate and checked daily whether the plate had been prop¬ 
erly washed simply by measuring the radioactivity which (literally) 
still clung to it. He was indeed able to detect radioactivity of the 
plate for many days. IVhether or not this was to be ascrib^ to tlic 
carelessness of tlie landlady or to the extreme sensitivity of the method, 
history fails to relate. 

DENOBJINATION OF THE METHOD 

Hevesy celled a radioactive iEotope used for the experiments de¬ 
scribed, an indicator, and thus following his example one often speaks 
of the indicator method. In recent years in English-speaking coun¬ 
tries the terms “tracer method” and ‘Mincer atoms"’ have become more 
usual: Tho radioactive isotopes are usetl, as it were, for discO'Vcring 
and following a truce. “Labeled” and “tagged” atoms are also often 
spoken of. The terms speak for themselves. Finally, to complete the 
list, we may mention the denoting of these atoms as “spies,” as pro¬ 
posed by Evans.* This name is meant to indicate that each atom of s 
radioactive isotope can move about unrecognized in a “crowd” of even 
similar atoms until at s certain moment it “betrays” its presence and 
whereabouts by its disintegration. Tho concentration of “spies” in the 
experiments usually lies between 1 to 10“ and 1 to 10‘* normal indi¬ 
viduals. Translated into terms of human society, this would be 
equivalent to one spy among u population at least five times as large 
09 that of the whole earth. 

FURTHER EXAMPLES OP THE APFLlG.\TrON OF TRACERS 

The examples which will be discussed in the following in unrelated 
order, will give tho reader on idea of the multifarious nature of the 
applications of indicators. In order to reduce them to some kind of 
systematic order we have sorted out the examples into three groups 
according to the character of the problem- In the first group the prob¬ 
lem is only wlieit} something is situated (localization), In the second 


•VL Ph Applied NdcIeIT JoUlti. FhjL, tqL 12, p. SCO, IMI. 
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givup how much of a substance thei-e is, rcmaii^ behind, or takes part 
in a pi'ocess (quantitative problems) in the third group it is parti^- 
Inrly a question of exchange piiocessea. It must be said, howevn^, that 
often the boundaries between the groups cannot be sharply drawn. In 
locnUitation problems one is obviouaiy always concerned with “untnio 
indicator applications, as is also usually the case in the second poup 
(qua.ntitative problems) ^ wbile tlis la^t gioup containB only true 

cases, j 

ioca/tcB/ion.—A very old example is the tnicing of samples of 
radium that have been lost in hospitals through carelessness or theft; 
tbfl places where the sample might possibly he, for instance the refuse 
heap, are gone over with an electron counter. A more modern case 
is the tracing of stoppages in an oil pipe line. In the jwriodical 
cleaning of the walls of tlio pipe a screw-shaped scruper is Priced 
in the line and pushed along by the pressure of the oil itself. If the 
scraper gets jammed somewhere, it has to be located as quickly as 
possible, in order to open the line at that point and remove the accu- 
mnlatcd deposit. With the help of a miUoactive indicator this liKali- 
zation is astonishingly simple. A scraper is used that contains a little 
radioactive material emitting y-radiution, which easily ponetra^ 
through the wails of the pipe and can be detected with a ^mewhat 
modified “electron counter ” One rides along the line with this “count¬ 
ing” apparatus until the radioactivity betrays the position where the 

scraper has stopped. , - j i 

There is another similar application in the petroleum industry, for 
determining the setting depth of the cement that is pumped in behind 
the casing of an oil well. A radioactive mineral, carnotite, is mixed 
witli the cement and when a counting instrument is lowered into the 
drill hole it indicates a strong radiation at the level of the cement. 

Extremely fine cracks in metal surfaces can be dot^ted and local¬ 
ized by applying a greasy paste containing a radioactive substance to 
the surface of the metal under high pressure. Upon the surface be¬ 
ing cleanetl. the radioactive paste is left in the cracks, and by making 
an autoradiogram of the surface the cracks can then easily bo seen. 

Qiiajititative ptvhlems.—ln. order to determine the ciriciency of a 
fog, smoke, or dust filter, it is necessary to measure the very small 
quantities of fog-forming or other substances retained by tlie filter. 
Ah fog-forming substance, iricresyl phosphate, containing riidioactive 
phosphorus is used. \\Tien this is passed successively throu gh several 
filters, their efficiency can be judged by comparing the intensity of their 
rndioactivity. 

Budioactive isotopes are sometimes an excellent means of mcosunng 
very small solubilities or very low vapor pressures. The vapor pre^ 
sure of thorium acetyl acebonato, for example, has been determined 



226 ANNXJAL REPORT SMITHSOXIAX 13JST1TUTION, 1947 


by preparing a sample of the compound with a strongly radioactive 
thorium isotope, saturating a given volume of nitrogen with the vapor 
of the compound and passing tie gas through acidified alcohol, in 
which tliB compound is absorbed. The thorium concentration can 
then be calculated from the radioactivity of the liquid and from that 
the amount of vapor in the given volume of nitrogen. 

In general it may be said that radioactive isotopes render valuable 
service in microchemiEtry, i* e., the chemical investigation of enremeiy 
small quantities of a substance, as for instance in adsorption phenom* 
cufl, in very dilute solutions, etc. Another interesting fact ia that 
radioactivity has made possible the mvestigation of the chemical prop¬ 
erties of the elements “43” and “85” and of several "transuraniums,” 
elements which oould not be found in nature but from which radio¬ 
active isotopes could be prepared artificially in imponderobly small 
quantities. 

Important perspectives are opened by the application of radioactive 
indicatorB in chemical analysia, so often constituting daily routine 
work in technology. One example out of many is the following. It 
is desired to determine the bromine content in a mixture of a bromide 
and a chloride. A complete separation of the two compounds is very 
difficult and takes up a great deal of time. If, however, a little radio¬ 
active bromine (in the form of the compound in question) is added to 
the mixture, only a partial separation of the bromine is suJficienL Due 
to the homogeneous mixing it is known that the ratio between the bro¬ 
mine separated and the total amount of bromine is equal to the ratio 
between the radioactivity separated out and the original radioactivity. 
Since the latter ratio is easily determined, it is possible to calculate 
tlie desired total content of bromine directly from the amount of 
bromine separated out. 

An application in biology somewhat resembling the above is the 
determination of the total amount of blcjod in an animal. After a 
certain amount of blood has been taken death inevitably sets in and it 
is then impossible to draw off the rest of the blood. If, however, a 
solution of some substance or other containing a Imown quantity of 
radioactive etoma is injected into the test animal intravenously and 
^ven time to distribute itself homogeneously throughout the whole 
circulatory system, a small sample of the blood suffices, for the total 
amount of blood can then be calculated from the percentage of injected 
radioactive atoms recovered in the aample, (Of course, no appreciable 
part of the injected substance have been transferred from the 
blood to otlier parts of the body.) 

The fact that it is practically unnecessary to interfere with the 
normal life of the test animal is of importance for many investiga¬ 
tions, especially those of a pharmneodynamie nature. We may men- 



ISOTOPES—ATEN AND HETN 


227 


tion Lore nn mTcstigation into the rate of absorption of insulin which 
ia injected periodically under the skin of sufferers from diabetes. It is 
often desirable to restrict the number of injections and it is therefore 
faTomble if the insulin is retained for a relatiTely long time near the 
point of injection, or stored there as it were, and only slowly taken 
up in the circulation. By building a radioactive ntom (radioactive 
iodine) into the molecule of three kinds of insulin, vis., “ordinary” 
insulin, gJobine iirsulin, and protamiae-xinc insulin, and measuring 
from time to time the decrease of radioactivitj at tlie point of injection, 
it has been possible to detennine that the rate of absorption of the 
three kinds of insnlin in the body decreases in the order given abore. 

processes .—Although also in chemistry and technology 
numerous processes play a part where an eichanga of identical partklea 
occurs—wo mention only autodiffusion, e. g., tlie diffusion of lead 
atoms in lead—physiology is the most prominent field for such ei- 
changes. One of the most striking examples is the continuous m- 
change of the building materials of the body. This has been studied 
in detail with phosphorus in the form of various compounds, with the 
help of radioactive phosphorus, which lends itself so well for such 
experiments. Particularly Hevesy has done a great deal of these in^ 
vesti gatioiis. It has been establiahed that phosphorus does not remain 
permanently bound in any ootistituent of tbe body. 'ITib exebango 
takes place most rapidly between the blood and various organs: of 
the phosphate ions present in the blood at a given moment after 2 hours, 
only 2 percent ate still present, the rest having been exchanged. In 
the liver and kidneys, too, there is a rapid renewal, but aljjo in the bones 
and even in the brain the pheephoms is in course of time renewed, 
though at a much slower rate. The parts of the body that take least 
pan in the continual exchange are the teeth: after 250 days only i 
percent of the pliosphorua in tlie dental enamel is renewed. 

In a certain case it is not so much a matter of exchange as one of 
selective assimilation of substances by certain constituenta of the body, 
namely where tlio exchange leads, as it were, to a credit balance for 
that part of the body. A st riking example is the assim ilation of iodine 
by the thyroid gland. With the help of a radioactive iodine isotope it 
has been determined that, out of an extra amount of iodine admin¬ 
istered in Uie food, after 1 or £ days a bentthy person has stored up in 
the thyroid gland about 3 percent, whereas a sufferer from goitre stores 
up 30 percent or more, (Sec fig. 1.) In certain cases ofcanccrofthe 
thyroid gland the radioactive iodine was found to be accumulated not 
in the cancer tissue but in the healthy tissue. (Thus we again arrive 
at the problems referred to under “localization,”) Somewhat similar 
phenomena are found in the case of the assimilation of radioactive 
strontium in the blood and in the bones. It has been possible not only 
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to determine how this process is retarded, for instance, by rickets and 
then promoted by the administration of vitamin D, and how it is even 
led in the opposite direction by Basedow^s disease, but it has also been 
possible to study the dner distribution of the strontium assimilated: 
the strontium was found to accumulate in the hard bone tissue, and in 
the cose of boue cancer it showed a preference for the cancer tissue and 
possible metastases tliereof. Though straying from our subject, it 
should be pointed oat that this last cose may be of value to the doctor 
not only diagnostically but also therapeutically. Given a sufliciently 



Fiaui!£ 1.—Ttue (issImiEaiJQiii of iodine in tbe Lh^old ^Iniid. AloP}^ tlie ab^L^ 
Uie Dnmber of k]Ay& wticb olapKcd after admLDlBtraElan of a known eJCEm 

umouut of Iodine In fooii i aloi^ the ofiltaate thi^ r-iericoiita^ of Uiift atnount found 
In the thyroid glaod a.s mca-'Fiired bv meuns of radloaotife loditj-e! o, for Lealthy 
jKirsQDs; with benign goitre^ o, wltb Basodow^a disease; d, upon defective 
functioning qf tlic thyitiKd glQnd (myxoedciimh (From G, Haoillton, Applh 
cation of radloactlTo tracctn to biology and mcdtclnCr Jonm. AppL Fbys., rol 12, 
pp. IML) 

Ligh COTcentration the mdiAtion of a radioactive kind of ntoro d 
destructive effect on the cancer tissue. If the radiating anbstaiice is 
selectively attracted by the cancer cdla^ os strontium by bone cancer, 
tills may eventualiy serve as the basis of a very effective therapeutic 
treaUnent, On the other hand, for pbysiologicul apijlieations of 
radioactive isotopes aa indicators it is a geneml rule that the destructive 
effort of the radiation must be avoided by keeping the concentrations of 
tlic radioactive isotopes sufficiently small. 

We shall leave it at these examples. They are sufficient to give the 
reader an impression of whnt can be achieved with the tracer method 
in research work and routine inv^igation^ a method for which uses are 
to be found in ever-increasing numbers and in even wider fields. 
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1. IlAdtogTun of till with a T»4ioMtive lead »otone (thomim B) dopwitfd at the 
grain boundariM of tbe pnlytryatallim i 

iFtom fi, Tammann and O. Bwjdel, Zett«hn Motallk., vol. 2S, p, 154, 1&33,) 
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Radiognuna of a b.atal aurfart after it has been nibbed with a piCM of 
contusing a radioactive eomponent. The radioaoliyity of the aurfaco show* 
there had been a tranafer of material. Tina eaplaina to a large estent the 
frietian aet up when one aurface ilidea over aaother- iHuetratlon relate 

to the friction of lead on at«l: n, with no lubncaat; wlU l^neanL ^a^- 
fled about ais times. iFrom J. N, Gregory. Nature (Ixindoti), tol. 15T, p. 444. 
I»46.) 
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SILICONES—A NEW CONTINENT IN 'raE WOItI.D OF 

CHEMISTRY ^ 


By B. h- 

A$iUtant General M^natfcrf J)ou? Vomini^ Oorporaiitm 


IWilh a pUt«rt} 

When Columbus started out, the coast of Europe TirftS well known 
and the coast of China had been explored. He assumed, therefore, that 
by sailing west from Europe he would teach the coast of Cluna- 
one knew then that a great continent lay between Europe and Asia. 

The same condition was, until quite recently, true in tlic chemical 
;world* Men had known about inorganic materials such as ceramics, 
glass, and metals for centuries. They had kno^-vn of organic mate¬ 
rials based principally upon carbon and its njompounds for genera¬ 
tions and had developed thousands of synthetic organic materials 
in the more recent past. But no one knew that between these two 
fields lay a new chemicol continent of serai-inorganic materials known 
today as silicones. Organic chemists started to eiploro the rimplo 
organo-silicou compounds some 50 years ago. It was not until the 
early lOSO’s however, when chemists at the ^ming Gla® Works 
started to investigate the organo-silicon oride high polymers tliat the 
importance of this new chemical continent began to appear. 

Like glasses and the mineial silicates, of which fibrous gkaa, mica, 
and asbestos are familiar forms of heat-resistant i^ulating materials, 
the silicones also are derived from silica. Chemically, the silicones, 
like glass and the mineral silicates, are built uiwn a heat-stable skele¬ 
tal structure of silicson atoms Joined to ench other through osygen 
atoms. In the silicones, however, eadx silicon atom has attached to 
it one or more organic groups. 

THlv aiLlCONB MOLECULE 

Sand is the aource of silicones, just as it is of gloss. Hojwever, in¬ 
stead of its being combined with, inorganic oiudes from lime and soda, 
it is altered rather radically by being put through a series of chemi- 

1 ^rliLLea perffltHlcin f«tti Ktectrical EnBlnwribiT^ tisL N&- 4. Aprfl 
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CB-1 processes. A grain of sand is, in effect, a complfeK molecule of 
silica. Each silicon atom is linked to four oxygen atoms which in 
turn link it with other silicon atoms. In making siUconBa, part of 
those oxygen atoms are replaced by organic hydrocarbon groups do- 
rived from csoal or oil. 

This is a complex process which is interesting primarily to chem¬ 
ists, The job of silicone chemists, and, to no little extent, their art, 
ifl so to “tailor^ the high-polymeric organo-aUicon oxide molecules 
that a variety of products, each designed to meet specific use r6<juirB- 
meuts, can be produced. 

Already a large group of new engineering materiala have been 
derived from sand. These materials are available in a wide variety 
of pii}-Bica1 forms. They include oils, compounds Imving a grease- 
like consistency, resins for heat-resistant enamels, laminat^and mold¬ 
ing plastics, and even a semi-inorganic rubber called ‘‘Silastic,” In 
this age of chemical marvels, when people expect the chemist to pull 
now and ever more astounding marvels from under his bat, the pro¬ 
duction of rubber from sand is among the more astounding accom¬ 
plishments of chemistry, 

HEAT STABELITT 

All these silicone products are characterized by a higher order of 
stability to heat and by greater resistance to moisture than c5ony^- 
tional organic materials in the same physical forms. This heat stabd ity 
and the suitability of silicone compounds for use in electrical insula¬ 
tion are inherent in their chemical structure. In the silicones, only 
two kinds of chemical bonds, the Si-O-Si and the C-Si bonds, are 
significant. The silicon-oxygen-silicon bonds are extremely stable to 
heat, as one would expect from the fact tJiat these are the same bonds 
whidi exist in the mineral silicates. The carbon-silicon bonds also 
have a higher order of heat stability and greater resistance to oxida¬ 
tion than the carbon-to-carbon bonds which are basic in organic 
materials. 

As a consequence of tliis greater heat stability, the sihcone resins are 
natural complements to fibrous glass, mica, and asbestos insulating 
materials. The silicone resins provide the heat-resistant resinous di¬ 
electric necessary to bond these materials together. They also bond 
the insulating materials to the copper and steel used in building elec¬ 
tric equipment. This bond is highly rcslfdant to heah It not only 
holds the ineulatioii together, but ako excludes moisture even after 
long exposure to high temperatures, as rigorous laboratory ^ts have 
shown. Thus, through the use of silicones together with inorganic 
insulating materials, a new type of electrical insulation has become 
available. This new doss—sUicone insulation—is almost immune to 
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lieat md moisture, the principal enemies ’n hich conspire to reduce the 
life of electric equipment* 

WATER REPELLENT 

In addition to heat stabilitj, other useful properties are inherent in 
the silicone chemical structure. All siliCDnes are water repellent^ and 
the methyl silicones are particularly so. The methyl silicone oils are 
long-chain etructures of silicon atoms carrying two methyl gixtups 
each. The silicon atoms are joined to each other through an osygen 
atom^ tlie hydrocarbon portion of the molecule ading like a paralBnic 
umbrella for the rest of the molecule. Applied to the surfaces of glass 
or ceramic jnsulators^ the silicon-o2cygeo-ailJcon portion of the mole¬ 
cule attaches itself to the surface, leaving the hydrocarbon portion 
upward. Wlien water or moisture condenses on this surface, it does 
not do so in a continuous him, as in the case of an unti^ated glass 
surface, but in distinct droplets. This silicone treatment of insulators 
in radio sets, for example, prevents leakages across the surface because 
no continuous him of moisture forms a conducting path. 

The waterproof property of silicones was utilized in a transluceiit 
and uonmeltabic silicone paste, which proved to be quite essential to 
the proper operation of aircraft ignition systems and disconnectible 
joints In radar systems during the war. It served as an auxUiary 
dielectric and waterproofing seal for the ignition cable insulation 
where it entered the spark plug wells and magneto plugs of military 
aircraft. It prevented condensation of moisture at these points and 
kept the ignition system from being sliort-circuitcd. Another w^ater- 
repellent application of silicone oils was initiated during the war and 
is still being developed—the production of a water-repellent filler 
made of fine glo^ fibers for use in life jackets and as thermal insulation. 

STABLE VISCOSITY 

One of the fundamental properties of long-chain Eilicoue molecule 
Is their resistance to associating with each other in ordered arrange- 
numt at low temperatures. These silicone fluids are cliamcterized by 
an exceptionally flat viscosity-temperaturo slope> Tliey do not thin 
out at elevated temperatures or thicken at low temperatures to so 
great an extent m do the petroleum fluids. Another manifestatjon 
of this property is found in the flexibility mi resilience of sUlcono 
rubber at low temperatures. As a matter of fact, this silicone product 
retains its flexibility at temperatures only slightly above that of dry ice. 
Because of its heat rcsl^nce it is useful at temperatures up to 300'’ 
centigrade* It Is, therefore, useful over a wider range of temperature 
than any other material having rubber like properties. 

TT74SS—ftB-—IS 
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I^XTlMPATmLE WITH ORGANIC PLASTICS 

Another useful pi*t>perty inhereDt in the fact that sUiconea are high- 
polymer molecules is their incompatibility with otiier plastic materials. 
A silicone fluid applied as a very dilute water emulsioii spreads over the 
metal surface of dies to form an extremely thin flhn to which hot 
plastics and eytithetic rubbers do not adhere^ This property is of great 
value in the manufacture of tires and other molded-rubber articles. 
It is useful in tlie molding of other plastic materials* 

In the silicone fluids, various combinations of properties often lead 
to unexpected For example, their incompatibility together with 
their surface effects at the interfaces of oil-air systems has been utilised 
to prevent the foaming of crankcase oils. Traces of silicone oil in 
petroleum oil are sufficient to prevent foaming. 

Similarly^ in aqueous systems foaming is often a seiious and costly 
problem. A new sUioono compound has recently been developed to 
prevent the foaming of aqueous systems or to kill foams once they have 
been formed. This product is effective at very high dilutions, varying 
from 1 to 100 parts per million. 

In England the natui'al compressibllily of certain silicon fluids has 
been utilized in a ^'liquid spring’’ hydraulic shock absorber that has 
been developed for nse in aircraft landing gear- As the oompressibil- 
ity of the silicone fluids is 15 to 25 percent greater than petroleum fluids, 
the makers believe that the landing of heavier aircraft on present 
fields may bo possible without increasing tlie size or weight of the 
landing gear* 

The flat viscosity-tomporaturo slope of silicone fluids together with 
their high flash point has led to an extensive study of their use as hy* 
draulic fluids in aircraft by the Naval Eeaearch liaboratory, Wasli- 
ington, D. 

This same flat viscosity-temperature slope of silicone fluids together 
ivith their shear resistance hae led to the development of a torsional 
vibration dumper for automotive crankshafts. In this device a free¬ 
wheeling flywheel floats in a film of silioone oil which damps any 
torsioDal vibration in the crankshaft* 

In these applications some well-known engineering principles have 
been made practical for the first time. Correct in tlieory, the&e prin¬ 
ciples were not pmeticablc until silicones were developed and proved 
to have the properties necessary to reduce theory to practice. 

BCONOSfT 

There atfc very few established uses for silicone products which do 
not rc^lt in a considerable saving of time and money. An example 
IS the speeding up of production and the reduction of rejects through 
the use of a silicone mold release in rubber molding. Silicone resins 
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may be used in formulating & more practical enamel for sheet steel 
used in domestic stuYes, Another cjEaiuple is the saving of materials 
and the reduction of repair time iu electric equipment which result 
f i>Dm the use of silicone electrical insulating materials^ 

It is probable that the price history of most important new engineer¬ 
ing materials will be repeated In the silicones. As volume increases^ 
production costs should d^rease. opening new fields of usefuluBss and 
larger volume markets. 


FUTtTEE OF SttJCONIlS 

In this age of extremely high and low temperature operation^ the 
unusual properties of silicone materials probably will become increas¬ 
ingly important. The last 2^ years already have demonstrated this 
with respect to the use of silicone insulation for electric apparatus. 
Actual tests of silicone-insulated electric equipment under severe and 
accelerated conditions of heat and moisture have sliown that such 
equipment is capable of operating hundreds of times longer than con¬ 
ventional insulating matcrisls. Mtimifiicturens of motors, transform¬ 
ers, contactor coils, and other electric equipment are beginning already 
to standarize on silicone insulation in their lines^ Maintenance and 
repair shops arc rewinding an incr-easlng number of motors with sili¬ 
cone insulation. 

The silicone contineut, nevertheless, is ju^ beginning to be explored, 
and many years will be required to disclose the full e.vtent of it 
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2IEW PRODtrCl'S OF THE PETROLEUM INDUSTRY * 


Bt Huou W, FiEij) 
Tfte AtUtniic Refinitiff Co. 


The headlines of the Nation^s newspapers have been filled with 
accounts of the critical reconversion problems of most of our great in- 
diiatriea. The petroleum industryi however| has been conspicuously 
quiet, yet it is well known that the wartime developtoents in this indus¬ 
try were tremendous. It ie known that our forces, armed with mech¬ 
anized equipment of a quality vnstly supetrior to tliat of our eJiemiesi^ 
never lacked the all-necessary petroleum supplies either in quality or 
quantity to do tlie critical Job at hand. Very little is generally known 
of the nature of these war-bom advances in petroleum refineries and 
their incorporation into a peacetime economy at a speed and efficiency 
that I'estored the motorist to a prewar basb almost overnight and 
will, we believe, shortly raise the standard of enjoyment of pctrolemn 
products well beyond lUl preconceived levels* 

It is the purpose of this dlacoutse to take you through the gates of 
the refinery and give you a first-hand glimpse of what has been hap¬ 
pening during the last decade. The operations of petroleum refining 
have changed from those involving mainly rough physical separa¬ 
tion by distillation to a complex well-integrated ^riea of physical 
and chemical manufacturing operations involving the highest levels 
of modem chemistry and chemical engineering* 

WHY THE PETROIiEUlI I^DUSTBY OBEW 

In order to get a clear understanding of whai has Imppened in 
our industry, it ia necessary to understand -uyAy it has happened, and 
to accomplish this we will do well to look back into history to trace 
the development pattern. Fortunately, our browsing through history 
will not take long because the industry does not have much history 
aa Eocasured by years. Most of the significant items have occurred 
within the lifetime of those of us who are old enough to vote, 

* PTfl^nt«0 bcfe-Tf Thfl FlYJikllo Dwwmtwf JS, 1049- EeprintM bj [wtibIbJOP 

r^tun Uw JounuJ et Tb* FfAhkllb liLrUtHtP, vol St9> 2, Ftbrurj IShlT, 


235 





236 ANNUAL EEPORT SMITHSONIAN INSTlTTTnON, 194 7 

The petroleum iiidustiy has hod its real growth along with two 
other young industrial giants, the automotive industry and the avia¬ 
tion industry. Further, although many of the new operations and 
products whlcii will come into our story later seem to have little or 
nothing to do with either of these industricSj the responsibility for 
much of what has happened ia closely tied with their growth. It all 
began a little over 20 years ago when the automobile-engine designers 
stopped worrying about wheUicr their engines would start and con¬ 
tinue to run, and began to be worried by their sales departmenta for 



prouiotiohal stories along the line of get-away, pick-up, hiU-cIimbing 
ability, top speed, and so on. Tliese designers studied their engines 
and tlieir cars and found many interesting facts. Let us look into 
a few of these. 

Figure 1 is a plot of horsepower against car speed for a typical 
car of the time operating in high gear. Tlie curve depicts developed 
power as delivered to the rear wdieels plotted against car speed. The 
straight lines approximate power required to move the car at corres¬ 
ponding speeds for level-road operation and for hill-climbing a reason¬ 
able grade. All conditions of wind, fuel quality, and loading were 
constant- It can be seen that this car has a top speed of CD miles 
per hour on the level and has a reasonable amount of exce^ power for 
acceleration between the speed ranges of 15 to 50 miles per hour. 
However, on the hill the car speed will drop off to a top of 40 miles 
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per hour and will have practically no high-gear acceleration at lower 
speeds. 

Figure 2 is the same basic plot with one additional carve, the de- 
velop^-power ciirre for the some car with the same engine modified 
only by an increase in compression ratio from say 5.0 to 1 to a tutio 
of 6.0 to 1—a minor design change* Now the car has a top speed of 
TO miles per hour on the level road and has good acceleration in the 
broader range of 10-60 miles per hour. More important, its bill- 
climbing ability is tremendously improved. On the same hill it can 
maintain a top speed of 65 miles per hour and below this speed shows 



acceleration characteristics approximately as good as the previons 
model showed on the level road. Here was a direction for the engine 
designer to go and he started oflf that way and moved rapidly until he 
was stopped short by the fact that at the higher compression ratios his 
pTiginns began to knock badly under load, particularly after the oom- 
bustion ch umbers became fouled with the carbonaceous deposits which 
inevitably appear after several thousand miles of operation* 

Now let us look at what was happening in tho refinery during this 
time* Initially, gasoline was the very volatile hydrocarbon material 
“toppedfrom crude oil prior to running for the kerosene fraction used 
e^ctensively for cooking and illuminating purposes. Tlic demands of 
the automobile for this gasoline rapidly took it out of the byproduct 
classification and the refiner was seeking wayi and means of mcreoaing 
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gssolino production. He liad discovered the thermal “cracking” 
process with which, by the use of heat and pressure, he could convert a 
large portion of the fractiou of crude oil between the kerosene and the 
lubricating oil cuts into gasoline. But this “cracked” gasoline fell 
into ill repute, largely because the refiner had not learned to finish it 
in such a fashion that it would not gum in the engine, resulting In 
sticking valves with attendant poor operation. 

A comparison of notes by the refiner and the automobile designer 
brought out fundamental information which initiated the series of de¬ 
velopments with which we are presently concerned. This information 
was that the knocking tendency of the higher compression automobile 
engine could be materially reduced or in some cus^ entirely elimmatcd 
by tlie use of the heretofore disfavored cracked gasoline in preference 
to the previously used straight-run gasoline, even though tliis straight- 
run material be cut to the estremely light old-time sewiaUBd high-teat 
grade. Hero was chemical synthesis of hydrocarbons appearing for 
tlie first time because very rough test methods, as then developed, 
showed that the cracked gasolines contained substantial quantities of 
olefins and aromatics, whereas tlie original crude oil contains few if 
any of these types of hydrocarbons. As a matter of interest, the 
earliest metltod of estimating the antiknock characteristics of motor 
gasoline came into being at this time. It matched the antiknock 
tendency of the fuel against known mistores of benzol and Pennsyl¬ 
vania straight-run gosoline in a small single-cylinder laboratory engine 
and gave the results in terms of “benzol equivalent.” 

Two parallel series of developments were thus started iu the refinery 
as a result of the move by the engine designers to higher compression 
motors. One series was aimed at removing or otherwise taking care 
of the then prevalent deficiencies of cracked gasoUna with respect to 
gum-forming tendencies, chemical instability, and offensive odor. 
Processes to remove the gummy materials, soon identified principally 
as diolefins, from the cracked gasoline took the form of treatment with 
sulfuric acid and vapor phase treatment over activated fuller’s earth. 
Further, various processes were developed to convert the malodorous 
mcrcaptans, which appeared in the gASoUne as a result of an analogous 
cracking of sulfur compounds in the heavier cracking stock, into 
sweet-smelling alkyl disulphides, acceptable both to the public and 
to the motors. The result of tliese developments was the assumption 
by cracked gasolme of its rightful place as a desirable and important 
component of motor gasoline. 

The other series of developments wliich raced ahead at this time 
had to do with the production of cracked gasolLoe itself. Literally 
scores of thermal cracking processes and variations thereof were 
invented and many of them were patented. As special methods of 
fabrication were developed and new steel alloys able to stand high 
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temperature for lonp periods became arailable, tliermal cracking op- 
emtiona irere pressed to higher and biglier conditions of Eeverity 
with respect to pressure and temperature, The gcTere cracking con¬ 
ditions produced more marked improTcment in the hydrocarbon 
structtirc of the cracked gasoline. It had better antiknock character¬ 
istics. 

At this point in our historical reriew the concept of “octane nutn- 
her” should be established. Tlie previously used “benaol equivalent'’ 
was proving to bo unreliable and not suflidently reproducible for a 
test of a property which was becoming such an important char¬ 
acteristic of automobile gasoline. Benzol was so high in antiknock 
that it was too sensitive a blending agent and Pennsylvania slruight- 
run gasoline, the zero of the scale by definition, was not invariable and 
reproducible. Tlie octane-number scale was substituted instead and 
used as its “100” the chemical compound 2,S,4 trimethylpcntane (iso¬ 
octane), and as its “0" normal heptane. This scale was reproducible 
by blending these compounds and when coupled with tlie improve¬ 
ment and standardization of the test engine resulted in a more satis¬ 
factory fuel-rating procedure than had been heretofore available. 

In the refineries of the country, aided by the advances in steel metal¬ 
lurgy, the antiknock characteristics of motor gasolines were being 
pushed to higher and higher levels as new units came on stream. 
Further, the use of additives for improvement of antiknock received 
extensive investigation. Various organic amino compounds were 
used with indilfevent success to increase octane number. Iron and 
nickel carbonyls were more successful from the octane-number iin- 
provement standpoint but caused objectionable rust deposits within 
the engine. Finally, tetraethyl lead was discovered, proved satis¬ 
factory, and extensive manufacturing facilities were put into oper¬ 
ation to help further the improvement in engine and fuel perform¬ 
ance. 

Tlie “octane race” of ihe thirties was on in dead earnest Auto¬ 
motive-engine designers moved their compression ratios higher and 
higher to get much more power and performance out of smaller en- 
pnes. Figure 3 gives an interesting comparison for a representative 
passenger automobile. From this it can be seen that during the thirties 
the performance characteristics of the typical passenger car of ap¬ 
proximately the same total weight improved conaidenibly as a result 
primarily of the increase in compression ratio and the improvement 
in the quality of the motor fuel available for use in the higher com¬ 
pression engine. 

At this point in our technical historical study, the issues become 
somewhat obscure as so frequently happens whenever histoiw is re¬ 
viewed, whether it he the history of people, cities, or nations. The 
automobile-engine designer had slowed in his advance to higher 
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compression ratio due to the fact tliat the motoring pablic was reason¬ 
ably happy, if not somewhat unsafe, with the cor performance being 
obtained. Added to this are the Teiy practical facts that design diffi¬ 
culties were being encountered due to the necessity of allowing room 
in the engine head above the piston at the top of its stroke for the 
functioning of two valves and a spark plug and due also to a tendency 
to rough operation at high compression. Howeveir, tlie petroleum 
engineer was now in the saddle. He had many new processes all 
lined up to produce, and the redner was now being urged by his sal^ 
promotion people to produce qualities in gasoline that could be talked 
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about. The result was that the petroleum refiners began to run races 
between themselves to produce gasoline with qualities outstripping 
their competitors in spite of the fact that scarcely any automobile 
engine could recognize differences In antiknock above its basic octane 
requirement. At the Lime, this race was scientifically invigorating but 
economically rather silly, In retrospect however, it was probably 
one of the best things that ever happened to our country in tliat it 
set the fundamental pattern for a technology that produced, during 
World War II, a stupendous tonnage of synthetic organic chemicals 
without which the war would have stretched through a much longer 
and more burdensome period, 

EFFECT OF ENOINE AND FUEL DETELOPMEST ON AUTOMOBILE 

DESIGN 

Before proceeding further with the later developments in motor-fuel 
processing it will be well to stop to examine the results of all this 
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engine end fuel developradiit ifork on the other parts of the Automo¬ 
bile and on petroleum-product requirements for these parts. In¬ 
creasing the power output of the engines producsed greater loads on 
the engine connecting rod and main bearings with the result that many 
engine designers derolopcd engines in which alloys of cadmium-silver 
and copper-lead were used for bearings instead of the conventional tin- 
lead (babbitt) which had been used heretofore. From the standpoint 
of bearing loads these materials were excellent but they immediately 
gave the petroleum refiners moiiy headaches. The sulfur compounds 
present in tJit lubricating oil, the condensate fi'om combustion cham¬ 
ber “biow-by” to the cvankcaBe, and the acids produced by normal 
osidatioti of the lubricating oil caused severe and rapid bearing dete¬ 
rioration. The corrosion attacked the lead and cadmium in t hese bca r- 
ings, resulting in weakening of the bearing alloy, liigh wear, and early 
noisy operation of the engine. 

Protection of these bearing materials was critical and the challenge 
to the petroleum research laboratories started a new trend in lubricat- 
ing-oil development. This trend has resulted in the progressive addi¬ 
tion to lubricating oils of a long series of additives. Initially additives 
wereaBedtotakecateof bcari n g-corros i on problems. Later, addi tivea 
were developed to add higher film strength characteristics. Presently, 
additives are being incorporated to furnish, in addition to the pre¬ 
vious benefits, properties to prevent build-up of sludge deposits in tlie 
crankcase and to increase engine life heretofore shortened by internal 
rusting between periods of operation. 

As engines increased in power and the streamlining of automobiles 
resulted in smaller wheels and lower fioorboards, a redesign of the dif¬ 
ferentia] drive in the rear a.xle came about in efforts to lower the drive- 
shaft to avoid the necessity for a tunnel in the rear floor. This gave 
rise to the use of hypoid gearing to drop tlie driveshaft lielo%v the cen¬ 
ter line of the rear axle. Hypoid gearing worked out very admirably 
from the standpoint of chassis design but necessitated an extensive 
amount of research in petroleum laboratories to develop s rear-axle 
lubricant for these new-type gears. The previous type of gearing, 
namely, spiral bevel gears, operated ou the principle of rolling fric¬ 
tion and a conventional heavy lubricant protected the faces of the gear 
teeth quite satisfactorily. Tlie by^id gear, on the other hand, oper¬ 
ates 00 the principle of sliding friction and conventional lubricants 
could not give protection, with the result that the hypoid rear axles 
were scufling severely because of failure of the oil to stay lictwccu the 
gear teeth. By the usa of additives especially developed for the pur¬ 
pose, the oil companies quite promptly were able to furnish lubricants 
which had the proper combination of surface tension and wetlitig 
properties to stay in place on the gear teeth of heavily loaded hypoid 
gears. 
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The smoJltr wheels previously meatioued, the higher speeds result' 
ing from greater eDgine power, and the general adoption of internal 
espanding four-wheel brakes raised another profalem for the petroleum 
industry in lubricating the wheel bearings. The wheels were turning 
faster, creating higher operating temperatures in the bearing and 
greater centrifugal force which tended to throw the grease out of the 
bearings through the oil-retaining ring into the braking system to 
cause malfunctioning of the brakes. Grease compounding quickly re¬ 
ceived a complete overhauling in order to furnish a wheel-bearing 
lubricant which would maintain its consistency at high temperatures 
of operation, neither separating into oil and soap with resultant loss of 
oil and clogging of the bearing with soap, nor clianging in physical 
chameteristica as the temperature increased to a point where the grease 
would leave the bearing as the result of excessive softness. 

General chassis lubricants also had to he restudied. All the pre¬ 
viously nientioned developments were niakiug cars run with less noise. 
Changes in spring-hanger design had increased the bearing ioads on 
spring shackles so that there was an increased tendency for the shackles 
to squeak and with less noise competidoD the squeaks were more 
noticeable. New chassis lubricauts were developed which could be 
pumped readily by the automatic chassis-lubricating equipment being 
installed in the service stations and would stay between the bearing 
surfaces in spite of heavy impact loading and the tendency for 
splaslred water from the highway to wash this grease away. This 
particular development, incidentally, is probably one of the most 
ingenious feats of compounding that the industry has accomplished 
end is probably the least known generally. 

CHANGING PETEOLEUJI REQUmEMENTS OTHER TE.AN ACTOilOTIVB 

During this i>erIod under diseusslon the automobile, although acting 
os a pacesetter, was not the only requirement which was causing rapid 
changes in petroleum technology. The aviation industty, which 
had even more to gain from power from smaller engines, was stepping 
out ahead in requirements for high octane, high chemical stability fuel 
Tlie aviation-engine designer increased comp region ratio with the 
attendant advantages previously discussed, reached the mechanical 
limitation to high compression posd by necessity for valve and spark 
plug clearances and engine roughness, and then moved on to even 
higher levels in antiknock requirements by adopting the principle of 
supercharging. 

The supercharging approsch to this problem is interesting and 
deserves further examination. If compression ratio cannot be in¬ 
creased readily, another way to get the same effect from n given engine 
is to pack more air and fuel into the cyliudata by foremg it in under 
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e:^t#THEi] pressurej rather than letting the engine draw it in by Uie 
vacuum ci'cated on the suction stroke. This deFelopmentj started 
milclly by tlie automobile designer and adapted mainly for racing-cor 
engines, really went ahead at a tremendous pace when the aTiation- 
engine designers started to use it. While the auperchargere built for 
racing-car engines operated with only a few inches of water "^boost 
pressure” tlie ariation-en^e designer mored ahead to the point 
wherej during World War II, combat aircraft equipped with eshaust^ 
driven turbo superebargers actually delivered a boost presure in the 
range of of mercury or about 2 atmospheres incrense. This de¬ 
velopment threw a tremendous burden on the petxoleum industry 
for high antiknock fuel and, os will be mentioned laterthe industry 
responded by adapting iJieir newer processes and developing other 
specialijsed processes in order to produce the required volumes of 
aviation gasoline having performance characteristics well in excess of 
100 octane. 

Another typo of engine was becoming important and giving the 
petroleum research laboratories critical problems to solve. This was 
the Diesel engine initially developed for propelling ships, later for 
long-distance truck liauhng, and now becoming very important as 
a source of power for railway locomotives. The Diesel engine, unlike 
tlie gasoline engine, does not depend on a ttpark for ignition but de¬ 
pends on autoignition induced by the beat and pressure created by 
the compression stroke of tlie piston. It is a fact that iin operati^ 
cycle of this type necc^tates a diemical composition of the fuel dis¬ 
tinctly different from the type of compounds which are included in 
motor gasoline and to a greater extent in aviation gasoline to imprave 
antiknock clmnicteristics. Tlie latter have a decidedly deleterious 
effect on the starting and ignition qualities of the Diesel fuel, par¬ 
ticularly for high-speed truck and railway Diesel enginesp Thus a 
technical contrast is presented in whidi the best Diesel fuel was found 
to be a carefully refined fraction obtained directly from high-grade 
crude oil, wberTas high-grade motor and aviation gasolines consist 
of a blend of various fractions of crude oil molecularly rearranged by 
eovere thermal and catalytic cracking together with synthetic pt^- 
ucts of complicated structure obtained from olkylatiotii polymeriza¬ 
tion, etc, 

Host of the comments made with respect to automobile-engine lubri¬ 
cating oil hold for lubricating the Diesel engine, except tliat whatever 
is done to the oil to improve its inherent characteristics must be 
gix^tly emplipsized for the Dieseh Most high-speed Diesels ran under 
much more severe conditions of loading, oombustion roughness, and 
high-temperature operation than most automobile engines. 

In industrial fields a nevr tempo of development has been evident 
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Machinfl tcx>lsj industriBl machinery, electrical equipment, heavy fuel 
oi] consuming equipment, all have Imd their speeds, loads^ and re¬ 
quirements for continuity of operation increased at a rapid pace. 
Tli0 petroleum industry has conducted research successfully to fur¬ 
nish petroleum products required to meet these demands. Complete 
details on the many mm Locations of the changes in the petroleum 
industry's industrial requirements have no place in this review, but 
the order of magnitude of changes has been of the same degree as that 
depicted for automotive and aviation iuduatries. 

NEW rfioriKssEs wnicH lead to new products 

In 1939 the writer wo^ requested to present to the Refining Division 
of the American Petroletim Institute a paper which attempted to 
systematize and catalog the many new processes which were under 
development at that time. This paper was somewhat whimsically 
entitled ^'Petroleum-ization^—1940’^ * since it dealt with such previously 
little^known or unused proceaaes as dehydrogenation, isomerizatlonj 
polymerization, aromatization, alkylation, etc. The paper attempted 
to place these various new processes on the dieckerboard of petroleum 
refining to determine which ones w^ere competitive, which were com¬ 
plementary, and which should be considered for use as various refinery 
situations arose. Owing to the undeveloped state of some of these 
processes at that time, a large amount of forecasting based on personal 
opinion was woven into the pattern presented* However, subsequent 
events, specifically the wai, forced the hasty commercialization of most 
of these processes substantially along tlie lines predicted and since this 
pattern is fundamental to our examination of new products it is 
presented here. 

Definitmuis and descriptiom. —A certain number of definitions and 
descriptions will he useful in our study of the situation; and if these 
definitions do not agiw exactly with the organic textbook, it should be 
rumembered tliat they were drafted for ^^peti-oleumdzation'' rather 
than for the broad field of general organic diemisiry. 

Catalyst.—A catalyst, can be deiine<:i os a substance which, although 
present during a chemical reaction, apparently does not enter into the 
reaction but causes, by its presence, a change in the conditions under 
which that reaction occurs* Thus catalytic reactions offer a pos¬ 
sibility for product control by selective acceleration of certain reac- 
lions wddeh, in the opinion of many, b the most important phase of 
this new refining technique. 

Ilydroyenaii^n ,—The hydrogenation process adds hydrogen to the 
hydrocarbon molecule. Hydrogjeimtion may be either nondestructive 
or destructive. In the former, hydrogen is added to the molecule 
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only if, and \rhcre, unsatumtion with respect to hydrogen exists ^ thus 
the boiling range of the product is substantially tlie same os that of 
the charge to the process. In the latter, operations ace carried out 
under conditions wliich result in rupture of some of the hydrocarbon 
chains (cracking), tlie hydrogen adding on, in general, where the 
breaks in the chain hare occurred. A lowering of boiling range 
generally results from this type of hydrogenation, the degree of 
change depending on the operating conditions. XotidcstmctiTe hy¬ 
drogenation is generally a low-teniperature, low-pressure operation, 
whereas destructive hydrogenation opemtes at high temperature and 
high pressure. Catalysts are employed in almost all hydrogenation 
processes. 

Dehjdrogmation ,—^Tlie general use of this term is so broad that 
it is practically useless. For example, the cracking of gas oil in an 
early batch still involved dehydrogenation. For the purpose of Uiis 
discussion, the term will be limited to operations on material in the 
gasoline boiling range, or lighter, and considered in two categories as 
was done for hydrogenation, i. e., nond^ructive and destructive. 
Xondestructive dehydrogenation is defined os the removal of hydrogen 
from tlte hydrocarbon molecule without tlie cracking which would 
significantly cliange its boiling range. Destructive dehydrogenation 
removes hydrogen from the molecule, but is Kccompanied by chain 
rupture to some degree. Catalysts arc employed for the nondestruc¬ 
tive dehydrogenation, but the destructive dehjdrogcneration may be 
carried out either a'ith or without catalyst, depending on the degree 
of selectivity desired. 

Broadly speaking, polymerization can be consid¬ 
ered as the linking of two or more hydrocarbon molecules to form one 
molecule having a longer carbon chain and a higher boiling point. 
Here again the definition must be narrowed to make it useful, because 
the tor produced when gas oil is cracked in a conventional cracking 
coil is the result of polymerization. Polymerization, as practi^ 
intentionally, at the present time is confined to hydrocarbons having 
four carbon atoms or leas to the molecule (butane and lighter), and 
links them together under conditions which result in the product being 
predominantly within the gasoline boiling range. The operation con 
be carried out either catalj'ticaUy or thermally. The catalytic process 
operates at relatively high pressures, but at moderate temperatures, 
and onlv the unsatiinites in the charge react. The thermal process 
operates at high pressures aud high teraperaturps, but both unsaturates 
and saturates react, owing in part, but not entirelj', to thermal dehydro¬ 
genation taking place in the heating coil as the charge is brought to 
operating temperature. 

Alhy1atioTi.—n any saturated hydrocarbon molecule is deprived 
of a hydrogen atom and then united witli another hydrocarbon molecule 
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through the bond where the hydrogen atom was removed, alkylation 
has been aocomptUhed. Tlie broad definition cl^ this term leaves us 
nowhere, but one of the specific alkylation processes in which interest 
is at a high pitch at the present time unites isobutane (a branched- 
chain compound) with a butane (unsaturated branched- or straight- 
chain compound) to produce practically pure iso-octane. The opera¬ 
tion is carried out at low pressure and low temperature, and requires 
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a catalyst. Another example is the process which produces cumene. 
In this process propylene is reacted with benzol to produce isopropyl 
benzene, a valnable aviation blending agent. 

DeMilfurisaiion ,—In general, this term is self-defining, but here it 
will be considered as applying to the removal of sulfur from material 
within the gasoline boiling range. Chemical desuIfunEation, using 
either sulfuric acid or caustic soda, has been practiced for many years. 
There is, however, a definite feeling that destructive diemical dranl- 
f urination ia on the way out; so, for the purpose of this summary— 
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which is concerned diiefiy with the new catalytic processes—the defini¬ 
tion will be narrowed to identify processes which decompose the sulfur- 
hydrocarbon compounds in tlie gasoilne^ and evolve the sulfur as hydro¬ 
gen sulfide or possibly as sulfur dioxide. 

/jornsnsaiion.—Innstnuch as saturated hydrocarboiiB can exist as 
either stmight- or branched-chain compounds, and as the branched- 
chaLu compounds in the gasoline boiling range have liigher antiknock 
qualities than the straight-chain compounds (e. g., i^-octane vs. nor¬ 
mal heptane, the lOO and 0, respectively, of our antiknock scale), in¬ 
terest in controlled changing of straight chains to branched chains 
(Isomerization) increased sharply as practicable methods wore dis- 
coveied- Isomerization, as now available for our study as an isolated 
process, is confined to butuiie and pentane conversion to the corrcsiiond- 
ing iso-compounds j hut inasmuch os the extremely high octane-number 
increase obtained during certain catalytic-dehydrogenation operations 
on gasolina can best be accounted for by assuming some isomerization 
to have occurre<l, it is the opinion in many quarters that catalysts and 
conditions will be found eventually which will extend isomerization 
as a controlled process into the broad gosoline boiling range. 

Ar^^utaiisaUm^h'oT present purposes let us define aromatization as 
the conversion of satumted hydrocarbons to aromatic hydrocarbons, 
e. g., conversion of hexane to benzol, heptane to toluol, etc. Processes 
using catalysts at relatively high temperatures and modemte pressures 
have accompliabed such conversions with surprisingly high yields. 

Catalytic crasJeiTig and As mentioned previously, cruck- 

ing involves dehydrogenation of the type defined as destructive. In 
the rupturing of the hydrocarbon chains, there are created fragments 
which arc extremely active chemically. In the course of reacting to 
attain chemical stability, these fragments apparently, to some degree, 
engage in practically all of the reactions which we have been discusa- 
ing. Hie use of a catalyst during cracking boa the interesting effect 
of decreasing the amount of polymerization to Ur and at the same 
time encouraging aromatization and isomerization of the cracked 
fractions into the gasoline boiling range. As a result, material of high 
antiknock value is produced. lu catalytic reforming a different effect 
is sought. Here aromatizatiou and isomerization are encouraged by 
different operating conditions ftud catalysts, but every effort is made 
to suppress tlie chain rupture which would cause excesive conversion 
of gasoline to gas. In figure 4 catalytic reforming is cli^ified as de¬ 
hydrogenation, but merely for convenience, and does not infer that tlie 
dehydrogenation phase is considered predominant. 

The operation of coking, whether thermal or catalytic, 
consists of lieat-treating heavy hydrocarbons, usually crude residuum 
or cracked tar, in order to increase the ultimate yield of gasoline from 
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the crude. Heavy hydrocarbons are low in hydrogen-carbon ratio; 
gasoline is relatively liigh in this same ratio. The conversion, there¬ 
fore, necessitates the throwing out of carbon (coke) as a means of 
adjustment of this ratio. Catalytic coking, as contrasted with thermal 
coking, results in less coke ^throw-out^ for a given conversion, pos¬ 
sibly due to the fact that gasolines of relatively high aromatic content 
have a lower hydrogen^rbon mtio tlian nonaromatic gasolines, and 
lower carbon ‘^throw-out*’ would sufBce for the adjustment in hydro- 
gen-carbou ratio necessitated by this type of conversion. 

Figure 4 is taken directly from the above-mentioned paper^^ This 
scheme starts with crude petroleum and presents some of the various 
courses which might be charted m converting this crude oil to gaso¬ 
line as the major product, the shaded circles representing positions 
in a stepwise esaniiimtion where a stop is made to review ways and 
means before taking the nest step. 

A quick review of this chart shows that the first step for most of 
the operations in refining crude oil to high octane gasoline, is that in 
which the hydrocarbon fractions existing in the crude oil as received 
are changed in rnolecular structure from chemtealiy stable hydroair- 
bons to materials which are chemically reactive and are thus suscepti¬ 
ble to synthesis into highly branched chain materials which have been 
found to have the hlgber antiknock values^ Upon completion of whab 
ever synthesis methods ere used, either thermal cracking, thermal or 
catalytic dehydrogenation, polymerization, or alkylation the materials 
thus produced may be satisfactory for blending into motor fuel directly 
as such, or may require further treatment such as hydrogenation or 
desulfurization. 

ODilBATH;jlL:tDE AVIATION QASOLpINE 


In 1939 very few plants were operiiting dehydrogenation, polymeri¬ 
zation, alkylation, or hydrogenation units. During the war the re¬ 
quirements for combat-grade aviation gasoline posed a problem in 
large-scale production of isopentane, iso-octane and die other trimeth- 
ylpcntanea, alkylated aromatics, and carefully fractionated and pre¬ 
pared catalytic base stocks to be blended into finished fuel* It was 
only by tailormaking the fuel in this fashion that the characteristics 
requirefl by the modern aviat ion engine could be met completely. The 
fuel had to be 100 octane under normal cruising conditions^ it had to 
be chemically stable under storage conditions in all parts of the world, 
and it had to respond with an apparent antiknock value cousidembly 
in excess of 100 to permit a heavily loaded plane to take off witli maxi¬ 
mum power at top supercharge boost pr^sure and rich mixture 
conditions. 


* Fc^tn»l«Dm-lialloa—IVlCr 
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The important development of catalytic cracking enabled the pro¬ 
duction of superior aviation base stocks^ In these processes, the pres¬ 
ence of a catalyst results in the formation of appreciable quantities of 
isoparalHns and aromatics. Only a very small amount of olefins, 
whidi arc undesirable for aviation gasoline, are formed in contrast 
to older thermal cracking processes which produce largo amounts of 
olefins. 

Tliree chief sources of isoparaffins wore utilised. The roost im¬ 
portant was the product known aa “alkylate,” which is produced by 
combining low roolecular weight olefin and isoparaffin hydrocarbons. 
The second was the polymerization of two low molecular weight olefins 
{product known, os codimer) followed by hydrogenation to obtain an 
isoparaffin. The tliird was the rigorous fractional distillation of 
Btraigbt-nm stocks. To meet military demands all tliese piwcsseB 
were perfected arid expanded. 

The need for aromatic hydi-ocarbons immediately imiiosed tmotlier 
synthesis problem since benzene, the most readily available aromatic, 
freezes at 40* F. and cannot be used to any great extent because avia¬ 
tion gasoline must meet low-tcmpernture requirements for high- 
altituda flying. Consequently, cumene (f. —141* F.) was imme¬ 

diately synthesized by alkylating propylene (a waste refinery gas) 
and benzene and became the first important source of aromatics for 
aviation fuel. It is interesting to note that cumene had never been 
produced commercially before the war but by the end of the war about 
500,000 ^llons per day were in production. Other sources of aro¬ 
matics were xylenes and toluene both syntfiesized from petroleum and 
excess ethyl benzene from tJie synthetic-rubber program. The fact 
that some of these aromatics wore produced by alkylating benzene 
with olefins (emnene and ethyl benzene) while otliers were made by 
dehydrogenation of cyclopoxaflinB illustrates the versatility used to 
aciiieve results. 

The old source of pentanes used for volatility did not escape exami¬ 
nation and these ultimately were separated and only the isopentanes 
used. The chemical “aviation gasoline” near the close of the war had 
the following composition, listed in approximate order of inci'easing 
boiling range: 

Xbo pentane 
leopaniinDs; 

Alk^Uite 

liiotLexatite nud laohoptiines (fTttt'tloned from DnphthAl 

Aroma Ucst 
Toluene 
XjrleQCJi 
Ethyt bODteDe 
Cnmonre (Isopropyl benzene) 

CfltRlytic CTftclied base stock 
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This mixtiito of components with tJiie addition of tetraethyl kad 
was known as 100/130‘grada aviation gasoline. It has a performance 
rating of 130 under Uka-off conditions and a rating of lOO under flight 
conditions. This fuel made available 30 percent more power over the 
old fuel for take-offs and short bursts of speed during actual oombaU 
At the start of the war the production of 100-octane ayiation gasoline 
was approxiniiitely 40,000 barrels per <lay. At the close of the war 
100/130-grade aviation fuel xvas being produced in esces of 500,(X)0 
barrels per day* 

IjroUSTniAL PROCESSING MATERIALS FROM rEJTUOlMETJM 

In the field of wrUat are known as proeessiug matenaJa from pe¬ 
troleum there continue to be new products and applications* In fact 
there are few articles that do not utilize petroleum in some form in 
tlieir manufacture* It is said that over 30 basic industries employ 
petroleum in their manufacturing operations* Individual applica¬ 
tions are numerous* It is in the classes of processing materials and 
manufactured chemicals tliat i^etrolcum products number into hun¬ 
dreds and unit values are greatest. 

One of the processing materials made from petroleum in largest 
volume is paraffin was witli which we are all familiar as a component 
of bread wrapiiers, wased paper, paper milk bottles^ and candles. 

A newcomer to the field of waxes is a material known as micro- 
crystalline wax which is tough and pliable at low temperaLurea and 
extremely resistant to water, llicrocrystalline waxes had been made 
prior to the war but their real value was not appreciated until the 
advent of problems created by tlic war. Tliey were first called 
**amorphoU3 waxes” because they were believed to be noncrystallbie. 
Later is was found tliat they contained minute crystals and the name 
microcrj^talline waxes came into use* Small arms and rations were 
packaged in containers utilizing these waxes in their construction* 
They have also been used for liners of metal cans and drums to resist 
the action of beer, wines, and adds* Tlie developments in thesie waxes 
created large demands and it is necessary for the industry to bend 
evety effort to supply the required quantities* 

In most uses of petroleum waxes, they are applied in a molten con¬ 
dition, Wax can also be applied in the form of a wax emukion which 
is a suspension of fine wax particles in water, with a suitable dispersing 
agent* Tlie use of wax emulsioiia is attaining increased importance. 
The armed forc^ used thousands of yards of tent clothj cotton duck, 
and mosquito netting that had been treated with wax emulsion to im* 
part a water repellent finish to the individual fibers^ The treatment 
has practically no effect on the appesrauce and “feel” of the fabric 
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and because of openings remnining between the fibers, adequate 
Tentilation is assured* 

Rust preventives ere nnolher group of products designed for wav 
eervi™. Protectiovi against mst has always bean a problm but it 
w’os made more diEcult by milUary requirements. Metal objects both 
largo and small had to stand shipping on boats all over the world where 
exposure to salty air and high humidity was ideal for rapid rust 
formation. Practically all metnl articles used by the armed forces 
were coated with one of many rust preventives developed, and in many 
instances the rust preventive was subsequently removed before nse of 
the article, adding to the problem. Practically all these rust preven¬ 
tives contained a petroleum base. The knowledge gained here should 
find ready application in preserving metal machinery such as farm 
tools and machinery frequently stored for long periods without use. 

Two new developments in the field of asphalt arc prefabricated air¬ 
port runways and oaphalts which will satisfactorily coat wet stone. 
In the first development burlap is satumted witli asphalt, coated with 
email stones and rolled up as is common asphalt roll roofing for ship¬ 
ment. It is put down by employing a EO percent overlap and event¬ 
ing together with an asphalt ctit-lMick. A large amount of this was 
employed by the armed forces. 

The nonstripping type of asphalt contains additives which increaso 
its adhesion to stone, oven if applied when the latter is wet. Roads 
may thus bo laid in rainy weather and in addition pve better and longer 
service. 

Other developments in processing materials derived from petroleum 
include plasticizers and softeners for synthetic rubbers, special oils 
that are heavier than water for mosquito control, and high refractive 
index oils lor use in examining quartx crystals which are cut into 
oscillators to control wave length in radar and radio equipment. 

STNTHETIG Bt-BBISK FROM PErTHOnEUM 

Much has been written about this country’s synthotic-rubbor indus¬ 
try, claimed by some before the atomic bomb announcement to be the 
greatest technical achievement of all time- Large quantities of buta¬ 
diene and styrene were needed to make the Government’!? all-purpose 
rubber known os GR-S- There are several methods of producing 
butadiene from petroleum hut the best niethod coi^ists in dehydro¬ 
genating certain C* hydrocarbons to form butadiene. As an example 
of the conmiEreialization of butadiene production the Governm^t- 
owned plant of the Kechca Butane Products Company producing 
butadiene from petroleum is rated at 100,000 tons of butadiene par year 
and has produced at a rate far in excess of this. New uses for 
butadiene can be expected now that this material is oommercially 
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availably and at least ose such product (butadieno moDoxidCi a 
chemical iutermediate) has already been announced. 

Styrene productioB also required for GB-S rubber is carried on by 
the chemical industry by alkylating benzene with the petroleum olefin 
ethylene to form ethyl benzene which is converted to styrene by dehy¬ 
drogenation. Ethylene is recovered from refinery gases or produced 
by cracking a petroleum hydrocarbon such as propylene. 

Butyl rubberj another rely important synthetic rubber, is a 100- 
percent petroleum product and a 100-I>ercent American development. 
It is aynthesized from Isobutykne, a petroleum hydrocarbon obtained 
from cracking processes, and a small amount of a diolefin such as iso- 
prene* These two hydrocarbons are converted into butyl rubber at 
temperatures of approximately — ISO^F. by a continuous proces. 
Thin development filled the nation^s need for heavynluty inner tubes 
at a critical time, since GR-S (butadiene styrene rubber) is unsatis¬ 
factory and natural rubber was cut off* Butyl rubber in some re¬ 
spects is superior to the latter in having better resistance to oxidation 
and lower penneability to the parage of gases. Inner tubes from 
it have proved superior to those of natural rubber* This product 
13 expected to have m excellent future. It should find new uses in 
electrical insulation, waterproof fabrics, and mechanical goods. 

PLASTICS FROM PBTEOLEUM 

In the field of plaatics there have been some notable products de¬ 
rived from petroleum hydrocarbons. Among the newer petroleum 
plastics are polyethylene resins; allyl plastics, and polyvinylidene 
chloride resin. Polyethylene resins are a lOO-percent petroleum hy¬ 
drocarbon resin produced by polymerizing ethylene itself. Their 
production was announced in 1044 by the duPont Co* and then in¬ 
dependently by the Carbide & Carbon Chemicals Corp, Polyethylene 
plastics are flexible and tough orer a wide range of temperatures, 
have exceptional electrical properties, are Tesi,stant to moisture pene¬ 
tration, and are chemically inert. They are thermoplastic and can 
be made into thin sheets and filaments. Polyethylene has been used 
primarily in electrical insulation for radar equipment. It can be 
expected to find many uses in a peacetime economy. Its production 
represents another ma jor technical nehievemenL 

Allyl plastics are based on allyl alcohol which is derived from 
propylene. In 1942 two allyl resins were announced, one (diallyl 
phthalate) by an oil company and the other (now allymcr CR-30) by 
a chemical company. These plastics are reported to make excellent 
coating materials for cans and metal containers, one being reported 
to bo less brittio and harder than glass and harder than any other 
transparent plastic. Its uses have tjeen strictly military. These 
resins have properties unique to themselves which should mnltB them 
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find ready markets. Allyl alcohol and chloride will doubtless find 
many other uses in chemical aynthesiE, 

Some time age a chemical company announced a resin produced 
from the monomer vinylidene cldoride which is a derivative of eth¬ 
ylene and is therefore of interest to the petroleum induatry. It differs 
from the older vinyl chloride monomer in that two chlorine atoms 
have been substituted for hydrogen atoms in the ethylene molecule 
instead of one. This plastic is very tough and resistant to solvents, 
has a very high tensile strength and can be made into strong filaments. 
Taking advantage of these properties, expected uses include seat cov¬ 
ers, filter cloths, house screening, fisliing lines, hose oonnectioiiH, and 
ficifble tubing. 

Older resins which are derived at least In part from petreleum and 
were greatly expanded for war uses ore the polyvinyl resms, acrylic 
reains (Lncite and PlexiglasaJ, ethylcellulose, and phenoJics employ¬ 
ing alkylated phenola. 

Among important chemicals newly derived from petroleum and 
announced during the war is phthalic anhydride, produced by oxi¬ 
dizing orthoxylene (previous production has been from naphthalene 
from coal tar). One petroleum company has built a plant to tuanu- 
facture this chemical which is used in the synthesis of plastics, plasti¬ 
cizers, and insect repellents. Another company has announced a new 
synthesis of carbon bisulfide from methane and sulfur. This chemical 
is used in the manufacture of viscose rayon, solvent extraction proc¬ 
esses, and in the manufacture of chemicals used in ore separation and 
for vulcanizing rubber. Its older synthesis was from coke and sulfur, 

DETJlHQliNTS FROM PETROLEOM 

For many years both oil-solnble and water-soluble soaps have been 
produced from petroleum mainly as byproducts f^m the treating of 
oils for industrial or medicinal purposes. Just prior to the war a de¬ 
mand arose for synthetic detergents or wetting agents which would 
be superior to eitlier the byproduct soaps or those made by saponi¬ 
fication of fatty or vegetable oils, Eeseareh catried out in petroleum 
laboratories resulted in development of processes for synthesizing such 
detergents from petroleum hydrocarbons, and commercialization of 
those processes was quite rapid. During the war all such production 
was under allocation to such uses fls incoriioratloti in GI all-purpose 
soap for use in all kinds of water, penicillin mantifacture, and many 
other critical uses. Since the war, requirements have increased 1 tir^ly 
through the use in industrial and household cl^nwre. In addidon, 
many of the products liavo been improved by utilizing plant facilities 
and processes developed for aviation-gasoline or toluene manufflcture. 
The petroleum soap of today is a complicated chemical synthetic 
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controlled in properties to meet very exacting requirements and a 
far cry from the older types of byproduct soap. 

WHAT HAS HxiPPENED TO THE REFIKERT 

As we have traced refinery history in the preceding discussion many 
new processes have been developed to handle the requirements for 
the many new and improved petroleum products now in demand. The 
process How of a refinery hits become almost a maze. Figure 5 depicts 
a typical refinery flow, cotrcsxionding in chronology approximately to 
tUc start of onr historical survey. Without commenting on the details 
the main thing to note is the relative simplicity of proofing and 
number of products. 

Figure 6 depicts a typical refinery flow today, without including 
the details of some of the previously mentioned complex chemical 
processes. A comparison with the preceding figure explains why pres* 
ent*day refineriw must bo heavily staffed with technically trained per- 
soimel and must operate hand in liand with large and competent re¬ 
search and development departments. Today a petroleum refinery 
is not only that but has also liecome a large-tonnage chemical manu¬ 
facturing plant; and we are still going strong. 

«>NCLTrsioif 

In conclusion it can he said that the petroleum-refining industry 
has ill either active or contemplated production materials used in: 

Alcohols and 

LacqoerSp paLntSp Tamlshcs. and eokents, 

Rajoas and plfladca, 

telrtlle oils* and leather oils, 

Synthetic mhberB and paper^ 

Medicines, poLsonSp and toUet goods, 

ExplDslyes and itncatbcUcs, 

Dat^rs^ntB, ^mtilalSers, nnd wotting 

in addition to bottled hoiisehold fuel gas, motor fuels, kerosene, fur¬ 
nace oil, lubricants, and heavy fuel oils which are generally consid¬ 
ered the refinor^s main stock in tmde. Does it seem strange to hear 
that coal is hauled to market by a Diesel oil enginef 

Thus refilling is rapidly becoming a broad and versatile chemical- 
manufacturing business and the refinery chemist has reason to believe 
that he con derive from oil practically every hydrocarbon Umt can 
be derived from coal, many products now or formerly derived from 
vegetable and animal materials, and many products that cannot be 
obtained on commercial scale from any of these sources. 

The last 10 years of petroleum-refining developments have been in¬ 
teresting and exciting, and rapid obsolescence of processes and prod¬ 
ucts has given truth to the statement that “tiiere is no such thing as 
an tip-to-daie refinery” since it will be obsolete, at least in part, before 
it can be completed. 
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’ INTRODUCnOS 

Tlie tsunami which struck the shores of tJie Hawaiian Islands on 
the morning of April 1, 1046, was the most destructive, and one of 
the most Tiolent, in the history of the Islands- More than 150 persons 
were killed, principally by drowning, and at least 161 others were in¬ 
jured. Property datoage reached about ^,000,000. 

The wove attack on Hawaiian shores was far from uniform. The 
height and violence of the waves at adjacent points varied greatly, 
and not always in the manner which would have been expected from 
superficial inspection and a study of the existingDteratnre on tsunamis. 
Therefore, a detailed study of the effects of the tsunami has been 
made, in an effort to understand the observed variations, a.nd in the 
hope that tlie principles established may help lessen the loss of life 
and property in future tsunamis. Space is not available in the pres¬ 
ent short paper to discuss findings in detail, or even to present all the 
evidence for all the conclusionsL These matters will be^ treated in 
detail in a longer paper (Shepard, Cox, and Macdonald, in prepara¬ 
tion). 

Acknotohdgments^—'WB wish to thank the many persons who fur¬ 
nished information during the course of the field study, e are also 
especially grateful to M. H- Caraon, H. S. Leak, H- VV. Beardin, and 
W. K. Sproat, who supplied measurements of the highwater level in 
areas not visited by us j H. W^. Iversen and J. D, I^acs, who supplied 
additional measurements on Oahu; A. F. Sobinsou and Destor Fraser, 
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who furnished descriptions of the ware effects on Niihsu and Lanai, 
respectively ; the Hawaii County engineer's office, which supplied a 
map showing the extent of flooding in Hilo; and the United States 
Coast and Geodetic Survey, which supplied data on the earthquake 
ttnd the record of the Honolulu tide gage, and permitted the use, in 
advance of publication, of G. K, Green'^ manuscript on tlie tsunami 
along tho shores of North and South America. Howard A. Powers, 
seismologist of the Volcano Observatory at Hawaii National Park, 
aided greatly in the investigation on the idand of Hawaii. Mi^ 
hinude Jones, archivist of tlie Territory of Hawaii, and Miss Margaret 
Titeomb, librarian of the Bishop Museum, aided in locating records 
of past waves. C. E. Wentworth and H. 5. Palmer aided greatly 
in discussions. Wentworth and Walter Munk read and criticised the 
manuscript. J. Y. Nitta prepared the illustrations. 

DEFINETIOh* * OF “TSUNAMI" 

Tile name “tsunami”’ is applied to a long-period gravity wave 
In the ocean caused by a sudden large displacement of the sea bottom 
or shores. A tsunami is accompanied by a severe earthquake, but 
the earthquake does not cause the tsunami. Bather, both are caused 
by the some sudden crustal displacement. The waves of a tsunami 
Jmve a period of several minutes to an hour os contrasted with sev¬ 
eral seconds for ordinary storm waves caused by wind, a wave length 
of scores of miles os contrasted with less than 500 feet for wind weaves, 
and a speed of hundreds of miles an hour as contrasted with less than 
60 miles on hour for wind waves. Tsunamis are also sometimes termed 
“seismic sea wavee,’' and are popularly known as “tidal waves.” The 
latter term is patently nndesirable, as the waves have no connection 
whatever with the tides, ‘Tsunami” is used herein in preference to 
“seismic sea wave” because of its greater brevity*, and because the 
etymological correctness of the term “seismic sea wave” appears open 
to question.* 

niSTOBT OF TSUNAMIS IN HAWAII 

Tsunamis probably readi Hawaiian shores oil ftn average of more 
then one a year. Most of these are small, however, and generally 
escape notice except when their record is recognised on tide gages. 
Earlier tsunamis in Hawaii have been discoBsed by Jsggar (1031) 

■ Ala« •‘Ittn^mj,* tbe Ji;i4DHe cqolTalrot of tliE letE«r “t" tielnf prauaq^ced 

“ti" In Eulliiti. It npiwnt* pptftrnlsls, bawevrr, 10 t]i« tbo phoDotle »p«Itlba In Ebrllnb, 

■ vdMIllf ln^amct prialHiiirliilioiL 

*Tl»e ndJeetlTfi !■ d«r|Ttd from tbe tvat iQfAiiKQtf fAnbqualEV. 

■ Ekd !■ 4ednfMl ai i*. prod need by, or cluraclrrbitic of aij Htlbqqflke. ttie 

mtna Jn qiHtiDO are not, «bArttt«ljtLc Of lOMt ^F^bqUdlriL eten tbo« Of 

FubiiLi.rfbff oriflp, find lurt aot ^n>da«!d hj Airtb^Utfcea^ 




and Powers (1046, p. 3). Tb« aoDompanyiiig table all the tsona- 
mia noticed on Hawaiian sbores, in the period of written history, of 
which record could be found, together with their sourcea if known. 
A total of 27 are listed, or an average of 1 every 4.7 years since 1819. 
Most of them, however, did little damage. During the same interval 
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FIGUSIE 3.—Map of the Pftclflc bisJiit atowing tM ptMl Jlon or m# uawaiuia 
the place of orlgtn of tbe tanoAm! of April 1,1040> nmd ttie dlairUjntlon of 
c«lly active bella aroimd Ihe Pftdflc In whleti CEiuiam^ are lUwlj to odglixate 

are listed fivo tsunamis which cniised esto^nsiTe 

an average of one every S5.0 years* 

Other violent wAves have been termed ^'tidal waves” in the news¬ 
papers, hut were more probably storm waves. Such were tlte waves 
which hit Maliko, llaui, on Jonimry 28, 1895, and those which struck 
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nnd Bichter, 1941, pp. S4-85)* The great majority of the tsunamis 
reacliinfi Hawaii originate in the highly seismic border zone of the 
Pacificp Of the ^ tsunamig from known sources listed in the tabloj 5 
came from near South America, l from near Central America, 1 from 
near California, 3 from near Alaska and the Aleutian Islands, 5 from 
near Kamchatka, 3 from the Japanese area^ and 1 from near the 
Solomon Islands, Of the fire severe tsunamis, three originated near 
the coast of South America and one m the Aleutkn area, and one 
was of local origin, 0)te tsunami of moderate intensity came from 
near Kamchatka, and another probably from South America. 
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(lE^'EaAL FEATURES OF TFHS APRIL 1046 TSUNAMI; ORIOrS .IND 
NATURE OF THE WAVES 

The tsunami of AprU 1,1946, was caused by u movemerit of the sea 
bottom on the nortliem elope of the Aleutisn Beep, south of UniJimk 
Island. The same crustal movement gave rise to a violent earthquake, 
recorded on eeiamogmphs all over the world. In Hawaii it was re¬ 
corded on the instrument of the United States Coast and Geodetic 
Survey located on the campus of the University of Hawaii in Hono- 
lulu, and on those of the Hawaiian Volcano Observatory at Kilauea 
on Hawaii. The epicenter of the earthquake Ima been located by the 
Coast and Geodetic Survey at latitude 53.5® N. and longitude 163* 
W., and the time established as 1'‘59" a. m. Hawaiian time (12'“29“ 
Greenwich time) (Bodle, 1046, p. 464), It may be assumed that the 
tsunami originated at the same place and time as the earthquake. The 
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place of otigin iras thus 2,SJ41 miles N. 8*5® TV. of Honolulu^ and S^T5 
miles K. 12® W. of Hilo (fig, 1), 

The time of arrival of the wavea in the Hawaiian Islands is known 
with certainty only at Honolulu. Tlie record of the Honolulu tide 
gaga (fig. 2) shows that the first rise started at about 6; 33 n. m, (C. K, 
Hrecn, 1946, p. 491), though tho esact time cannot be stated closer 
than 2 or 3 minutes, Tl'e drum of the water-stage recorder at the 
Waimea River, on Eauei, revolves too slowly to give an accurate in¬ 
dication of time, but the first rise appears to have started there at 
about 5: 55. At Hilo, electric clocks were stopped at 7:06, and a 



Ftaum 2.—Efiwrd produrtd on the tide In Honolaln Hftrlior by iho tmnaml 

Dt AprU 1,1»6. 

brief power failure occurred at 7:18, These have been interpreted 
by Towers (1046, p. 2), probably cotrecay, as the time of arrival of 
two wave crests at Hilo, From otlier considerations, discussed briefly 
elsewheiD (Shepard, Macdonald, and Gox, in preparation), it ap¬ 
pears probable, however, that the crest at 7:06 was the second wave 
at Hilo, not the first. If so, allowing for the observed lo-minute 
interval between later waves, tlie first rise at Hilo probably started at 
about 6:45, Computed from tliese times of arrival, the approximate 
average speed of the tsunami from its origin to Honolulu and Hilo 
was, respectively, 490 and 498 miles an hour. On entering shallow 
water the waves decreased greatly in speed. The waves moving up 
Kawela Bay, on Oahn, were estimated by Shepard to be moving only 
about 15 miles an hour. Similar low speeds near shore were reported 
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by other observers, and are coinpambb to the speed of *20 miles an 
hour recorded m San Francisco Bay (C. K. Green, 1946, p. 492), 

The interval between the first and tliird wave crests, as recorded 
on the Honolulu tide gage (fig, 2), was about 25 minutes, indicating 
an average interval between early wave crests of approj^imately 12-5 
minutes. The interval between the first wave crest and the succed- 
ing trough was 7.5 minutes, however^ indicaGng a wave period of 
15 minutes at the beginning of the disturbance. Tliis cori^ponds 
with the mean wave period of 15.6 minutes found by Green (1046, 
p, 400) at Honolulu and eight otlier stations on the coasta of 
Xorth and South America, At the mouth of Kuuanu Stream in 
Honolulu, C. K. Wentworth observed an interval of approximately 
15 minutes between successive bores ascending the stream, and a wave 
period of about 15 minutes was observed by J. B. Cox and D. C Cox 
at Waikiki at about 7:45 a. m. Observations elsewhere were poor, 
but in general indicated an inten'al not far from 15 minutes between 
the early waves of the seriesy The interval between later waves at 
Honolulu (fig. 2) and elsewhere was shorter and less regular, probably 
because of tlie arrival of chains of waves traveling by somewhat 
different routes, refracted around different sides of Islands, and 
rejected at various points, as well ss traveling by the most direct 
route. Probably contributing to the irregularity of later waves 
were wind waves and also the free-period oscillations, in harbors 
and channels, known as “seidies.” If the period of the waves is 
aasumed to be 15 minutes, and the average speed to be about 400 miles 
an hour, the average wave length from crest to crest was about 122 
miles. 

Direct observations on the height of the waves in the open sea are 
lacking, but tJieorctical considerations indicate that the height prob¬ 
ably did not exceed 2 feet from crest to trough,* If so, the small 
height combined with the very great wave length should have made 
the waves imperceptible to sliips at sea. That such was indeed the 
case is indicated by the fact that the master of a ship lying offshoi^ 
near Hilo could feel no unusual waves, although he could see the 
great waves breaking onshore. Crewe of fishing boats in the Hawa i 1 an 
area also reported no unusual conditions at the time of the tsunami, 
although heavy storm waves were running. The few reports of violent 
waves of great height from ships at sea were probably occasioned by 
storm waves, together with the knowledge that a tsunami was taking 
place. 

The nature of the waves sweeping up onto Hawaiian shores varied 
greatly from place to place. At some places the water rose gently, 

• sued OU the AffuthpUdD of k lO-focit «ti! la lO f«t of Mter, add th# TArluUon hf 
tbi wnt* belEht kQTcrKlj u Uk thvrtb root of th^ d^tb. 
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flooding over tho constal Iunds without tho deFeJopment of ajij ste^p 
Wave At Buch places luosL of tlie damage resulted from the 

violent run-back of tho water to the sea. At sooio localities, although 
the general water surface rose gently, ordinary storm waves moved in 
over the top of tlie broad swells of the tsunami, and there at least part 
of the damage was caused by tlie storm waves. At most places, 
however, the waves of the tsunumi swept toward shore with steep 
fronts and great turbulence, causing a loud roaring and hissing noise. 
Locally, the wave closely resembled a tidal bore, the steep front tolling 
in over comparatively quiet water in front of it- Behind the steep 
front, the wave crest was broad and nearly Hat, with smaller storm 
Waves superimposed upon it, Such bores were best developed in 
bays and estuaries, but waves of closely similar form were obstu'ved 
crossing dval lowly submerged reefs upon oUierwise open coasts. 

At many places tlie violence of Urn waves moving shoreward was 
BuSciently great to tear loose heads of coral and algae, up to 4 feet 
across, and toss them onto the beach os much os 15 feet above sea 
level. Locally, blocks of reef rock weighing several tons were quarried 
at the outer edge of the reef and tlirown onto the reef surface. 

Between crests, the water withdrew from shore, exposing reefs, 
coastal mud flats, and harbor bottoms for distances up to 600 feet or 
more from tho normal strand line. The outflow of the w-atcr was 
rapid and turbulent, making a loud hissing, roaring, and rattling noise. 
At several places houses were carded out to sea, and in some areas even 
large rocks and blocks of concrete were curried out onto the reefs. 
Sand beaches were Btrongly eroded by the outgoing water. People 
and their belonging;s were swept to sea, some being rescued hours later 
by boats and life rafts dropped from planes, 

At a few places, generally but not exclusively on the sides of the 
islands away from the wave origin, the first wave was reported to 
have been the highest At those places, ilie rise was generally of the 
quiet soi-t. There are, however, no instrumental records showing the 
iirst wave to have been the highesii, and it is possible Uiat at places 
reporting the first wave as the highest, earlier waves may have been 
overlooked, Much more generally the third or fourth vrave was re¬ 
ported to have been the highest and most violent. I'lie third crest vi as 
the largest at the Honolulu tide gage (fig, £), At other localities the 
sixth, scventli, or eighth waves wm said to have been the highest. At 
Waimea River, Kauni, the sixth crest was higher than any other, both 
in absolute level and in its height above the preceding and succeeding 
troughs. 

In general, if not everywhere, the size and violence of the waves 
increased to a maximum witli die third to eighth waves. Tho oscilla¬ 
tions then gradually decreased in amplitude over a period of at kast 
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2 daya, but witli occasional waves which were larger than tliose just 
before and after them. Such temporary increases in wave height 
probably resulted from mutual reinfoTcement by the essentially simul^ 
tancous arrival, in phase, of waves which had traveled different paths, 
or from tJie coincidence of tsunami waves with storm waves or seiche 
oscillations. 

Measures of the height of the waves approaching shore in shallow 
water, but before they dashed up on shore, aie poor. At Kawela Bay, 
Uabu, Shepard estimated the height of the waves advancing across 
tlia reef to have been ua much as IS feet, and observers estimated the 
height of the waves crossing the reef off LaniJkai, on Ouhu, to have been 
about 7 feet. Photographs taken at Hilo show the top of the breakers 
to have been 25 feet above the normal bay surface where they struck 
Cocoanut Island, but the waves may have increased considerably In 
lieigbtin crossing the breakwater, and the effect of dashing up on the 
^hore was probabJy already present, further exaggerating the height. 
Photograplis of some of the late waves at tlie mouth of the Wailuku 
iliver, in Hilo, show them to have been & to ii feet high (pL 6), and 
early waves undoubtedly were higher. In general, these heights cor* 
respond fairly closely with the measured heights to which the water 
dadied on the shore at those localities. At atiy riite it appears clear 
that the waves not only slowed down, but increased in height on 
entering shallow water. George Green (1833) states that the wave 
height varies inversely as the fourth root of the depth of the water. 

Most observers reported the first movement on Hawaiian shores to 
have been a withdrawal of the water. However, the only available 
instrumental records, at Honolulu and Waimea, both indicate tiie Arst 
movement to have been a rise. The ixistrumental records are prob* 
ably more reli able than the reports of u ntroined observers. Tile in itia 1 
rise at Honolulu was small (Ag. 2), and a similar small rise at other 
localities may easily have been overlooked- Certainly it would have 
been loss impressive than the large withdrawal of the water from shore 
as die succeeding trough approached. It is interesting to note that 
the records of tide gages along the coasts of North and South America 
obtained by C, K. Green (1046, p, 407) all show the initial movement to 
have been a rise, with amplitude of about oDe*tliird that of the ensuing 
(rough. 

nBlODTS ai<L\CIEED BY WAVEiiS ON HAWAIIAN SHORES 

Measurements of high-water marks have been made around the 
chores of all five major Ldands of the Hawaiian group. The measured 
heights are shown on Agures 3 to 7. All heights are stated in feet 
above lower low water. At each point sea level was estimated, the 
height of the high-water mark above that level was measured by 
means of hand level or steel tape, and the measurement reduced by 
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means of tide tables to height above lo wer low water. Some inaccaracy 
undoubtedly has entered in the estimation of mean sea level, but it 
is believed that the heights are probably accurate to within 1 foot. The 
levels measured indude: points indicated by eyewitnesses as the upper 
limit of the water, lines of flotsam or swash marks, tlve upper limits 
of soil and vegetation scouring, levels of consistent scratching and 
barking on trees, and the upper level of stAinmg on the walls of 
buildings. 



The measured heights of high-water marks range from 55 feet at 
Pololu Valley ou Hawaii, 64 feet at Waikolu Valluy on Molokai, aud 
46 feet nt Haena and Kilauea Point on Kauai, to 2 feet at Kauuslcnkai 
on Molokai, 2 feet at Milolii and Hoopiiloa on Hawaii, and le® lian 
2 feet at the head of Kaneohe Bay on Oahu. Causes of the Tariations 
in height will he discussed in a later section. 

Most of the heights measured are, of course, not the heights of the 
actual waves, but rather the heights to which the water was driven 
on shore. On a vertical cliff directly across the path of the wave, this 
height may theoretically amount to twice the height of the actual 
wave. On slopes less than vertical, or on cliffs at an angle to the 
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direction of urave edrence, it should be somewhat less than twice the 
wave hei^t. This measure represents the height of dash of solid 
water, but very abundant spray may be thrown much highe 
over, storm waves riding on the crest of the broader swells ox me 
tsunami undoubtedly added in places to the height to whicl) water 
daslied on shore, lliere are places whore normal trade-wind waves 
are dung to a height nearly as great as that reached by the tsunami, 
and many places, particularly on shores facing away from the origin 


FtGCfftC i .—Map of tlie Inland of Qm£iTi^ showing helghtB nouctied liy tba water 
during tbe t»niiami of April 1, l&4t3^ UflSfflita are In feet obove lewer low 
water. 


’ -e wnv^ of heavy storms reached appreciably 
lian did Ute waves of the tsunami 

not possible to make reliable estimates of the magnitudes of 
inese complicating factors, as there are too many unknown elements 
involved. However, it is probable that most of the water heights 
recorded for the tsunami on the northern and eastern sides of the 
islands were appreciably increased by these factors. 


FACTOBS INFLUENCINa THE HEtOQTa AND INTENSITIES OF THE 

WAVES 


It may be assumed that the size and speed of the waves approaching 
the islands from the open ocean to the north were essentially the some 
throughout the length of the Hawaiian Archipelago. Differences in 
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lieigfat reached by the water and in yiolence of wave attack along 
Hawaiian shoi-es must be attributed to local influences modifying the 
size and behavior of the waves. 

The factors found to have affected the lieight and intensity of the 
waves during the tsunami of April 1,1946, are: 

1. OrlentatlOD ot the coast line with respect to the point of origin of Um 

rg nujiml- 

2^ of the 

3. Easpoimn! to litorm wA-veai 

■L Bubojar^tie topogntpluf* 

E, Presence or obsence of reoCa. 

CoQilffiinitlao of Uie eoast Itoe. 

T. of iravea from diJlerent dltectloiia, or of dslT&ront types, 

Orientalim of fAe coast Um vfitli renpeat to ths fwtW of tnigin of 
the In general, the heights readied by the water were great¬ 

est on die sides of t he islands facing the origin of ^e waves, and lowest 
on the sides away from the wave origin. This is evident from even 
a cursory inspection of the maps (ffgs. S to T). Heights average con¬ 
sistently greater on tho northern than on the southern sides of the 
islands. All the extreme heights were measured on the northern or 
northeastern sides. Conversely, most of the lowest figures were found 
on the southern and soudiwcstcm aides. It appears almost selfn'vident 
dint tliis sliould be so. Waves striking northern shores retain their full 
foiee. whereas the refracted waves striking southern shores suffer 
a diminution in force and height. This effect is discussed for wind 
waves in Breakers and Surf (U. S. Navy Hydrographic Office, 1LH4, 
pp. 12-13), No wave can be refracted or reflected wiOiout losing soma 

of its force. . 

Shape of the iafond.—Waves were refracted around circular or 

nearly circular islands much more effectively than around angular 
or elongate islands. This fact liad a marked effect on the hei^t and 
violence of waves on the southern shores. Thus the water reached 
considerably greater heights along the southern coast of the nearly 
round island of Kauai (fig. 3) tlian along the southern coast of the 
angular and elongate island of Molokai (fig. 5), even though the 
heights along tlie northern coast of Molokai were on the averaj^ Pf*"" 
Imps a little greater than those on tlie northern coast of Kauai. The 
contrast between the very ivigh average height on tlie nortlicm coart 
of Molokai and the very low average height on the southern coast is 
greater than that between tlie two sides of any other island, although 
tlie difference between the extreme highs and lows is almost exactly 
tlie same as on tbe island of Hawaii (fig- T) • 

Etepo»ttre to storm, umwea.—At the time of the tsunami, large storm 
w'aves had been running for several days. already pointed out, 
these storm waves riding in on the backs of the broad swells of the 
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tsunami in places undoubtadlj' increased the height to which the water 
dashed on shore. Moreover, in other places, where Uie rise in water 
level due to the tsunami was gentle, storm waves on top oi the tsunami 
were responsible for much of the damage. The generally greater vio¬ 
lence of the waves on the windward (northern and northeastern) 
coasts as compared to that on the leeward coasts may have been ia 
considerable part the result of the large storm waves wluch were driv¬ 
ing in on the windward coasts. Places on the windward coasts which 
were slieltercd from the storm waves also esporienccd less violent 
waves. Thus at Kalaupapn, on the sheltered side of the peninsula 
on the windward side of ilolokai, both photographs and the testimony 
of ohservere indicate that the rise of 25 feet caus^ by the tsunami was 
not violent On tlie windward coasts, much of the rapid variation in 



riaCHB A.—Mar of tb? lalanil nt Malokal, showing taeighta (la feet above lower low 
water) tveehed bv the water during the tsiumml of April 1,1043. 


intensity of wave attack may have resulted from the caprice of storm 
waves. 

Sttbttufrine fopOfTrapAy.—Owing to their great wave length, the 
waves were somewhat affected by the ocean bottom throughout their 
course. However, the effect of the bottom mcreesed greatly as the 
waves moved into shallow water, and caused a slowing of the wave, 
an increase in its height, and a steeponing of its front. A direct evi¬ 
dence of the increase in height of the waves in shallow water was 
afforded by the lesser heights reached by the water at the ends of cer¬ 
tain peninsulas projecting into deep water and not prolonged seaward 
by pronounced ridges, as compared with the heights on adjacent shores 
rising from shoal water. Thus at the end of KaliYupapa Peninsulp, 
on the northern coast of Molokai (fig, 5), the water daslied only 7 feet 
above normal sea level, distinctly less than do the waves of ordinary 
storms; whereas on the coasts rising from shoal water both east and 
west of the peninsula, the water swept up to heights of DO to 64 feet. 
At the end of Keanae Peninsula, on tlie northern coast of Maui (fig. C), 
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the tsunami reached heights only & littifl greater than large trade-wind 
wares. 

Submaritie ridges and valleys, particularly those pointing toward 
the wave source, were of great importance in their effect on the strength 
of the waves. The best examples of the effect of ridges are found on 
the northern coast of Kauai. A long ridge extend in a direction 
slightly west of north from Eaena, to a depth of about S^OOO feet 
f fig. 9). Another extends northeastward from Kilauea Point, to even 
greater depths. The greatest heights (46 feet) reached by the water 
on the shores of Kauai were at the heads of these two ridges (fig. 3), 



Another ridge extending northwestward from the western coast of 
Knuai is probably responsible for heighte of S5 to M feet ^ ite bead. 
Long ridges projecting from Eaens and Kahuku Points on Onhn simi- 
larly tniisied un increa^so in wave heights there as compaped^to the 
heights on boUi aides (fig. 4). The ridges projecting eastward north 
of Hilo Bay and at Cape Kumuknhi on Hawaii had, on the other hand, 
no such pronounced effect on the heights at their heads; but it should 
be noted that they c.xteiid across the general direction of wave advance, 

not toward it. , * i * i. 

The greater heighte reaetied by the water at the beads of sub¬ 
marine ridges are not difficult to explain. The ridge has a greater 
effect in limiting the movement of water particles in the advancing 
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wdve than does the deeper water alongside it Consequently the por* 
tJon of the wave over the Hdge is retarded more than that away from 
the ridge, and the wave front becomes bent, with its concavity di¬ 
rected toward the ridge head. The result is a focusing of wave force 
on the shore at the head of the ridge (U. S. Navy Hydi'ograpliic Of¬ 
fice, 1014, p. IS). 

Similarly, in moving toward shore along the aicis of a submarine 
^TiUey, the part of the wave in the deep water along the valley a xis 
moves faster than that in shallower water on the two sides. In con¬ 
sequence the wave front becomes bent, with its convesity toward the 
valley head- In the vicinity of the valley head the force lines (orthog- 
oiials) of the wave are diffused or spread apart, and over any unit 
area the force of the waves striking shore is greatly decreased. 

An example of the effect of a submarine valley in lessening the 
force of the waves at its head is found at Kahana Bay, on Oahu (fig. 
4). Tiicre the waves dashed to heights of 11 to IT feet on the coasts 
north and south of the bay, but reached heights of only 4 to 7 feet 
in the bay itself. A small submarine valley extends 3 miles north¬ 
eastward from tlie bay, to a depth of 150 feet. An example on a 
much larger scale is afforded by the aone of small heights along the 
northwestern shore of Kauai (fig. S), at the head of a broad swale 
extending outward to oceanic depths. The broad valley like depres¬ 
sion off the eastern coast of Hawaii south of Hilo Bay probably also 
was some.what effective in reducing the heights reached by the water 
along that coast. Although fairly great, tanging from 16 to 19 feet, 
tlie heights there are not much greater than those reached by ordinary 
storm waves. 

Freicnce or absence cf reefs .—The presence of a well-developed 
fringing reef appears to have had a decided effect in reducing the 
intensity of wave onslaughts Along tlie reef-protected northern coast 
of Oahu the heights reached on shore by Ole waves were on the average 
decidedly less than on the unprotected northern coasts of Molokai 
and Hawaii, or on the less-protectcd northern coast of Kauai. The 
best-developed coral reef in the Hawaiian Islands fills Kaneohe Bay 
on Oabu, where it has a width of about 3 miles. Despite the fact that 
the brctfid mouth of Kaneohe Bay is open to the north and northeast, 
tlie tsunami produced a rise in water level at the bay head which was 
so small ns to be hardly perceptible to observers, and, so far as could 
be delenniiied, nowhere exceeded S feet. Along the shone north of the 
bay the heights ranged from 4 to 10 feet, and on the end of Maknpuu 
Peninsula soutlicast of the bay the heights reachoil more tlian 20 feet 
(fig. 4). 

The lesser heights along the southern shore of Molokai were prob¬ 
ably ^rtly due to the wide protecting reef. The effect of the reef in 
reducing wave violence along that shore is well aliown at places 
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where cliannels croiss the reefi There the waves strihioft tlie shore at 
the heads of die channels were distinctly larger tliau those reaching 
shore on eacii aide of the channel. Tlnis at tlie head of a small chan¬ 
nel which crosses the reef just .west of the mouth of Kainalu Streaux 
die water rose 11 feet, damaging houses, whereas just east and west 
of this chtumol the water rose only 7 to 8 feet. 

Oimpjurotim of the coatt ftnu.—It is generally considered that 
the effects of tsunamis sliould be intensified near the bends of V- 
shaped emhayments. Such embayments greatly increase tidal lUic- 
tuations, as in the Bay of Fuiidy, an<i might be ^pected to act lik^ 
wise otl the similarly long waves of a tsunami. Imamnni (1937, 
pp. 125-127) states that as such a wave rolls up a V*shAped em- 
bayment its height increases in inverse ratio to the width and depth 
of the bay, and cites examples of such increases in height of the waves 
toward the bay head during Japanese tsunamis, Conficqucnily, spe¬ 
cial search was made for this phenomenon in funnel-sliaped bays on 
Hawaiian shores. Xo good rsamplcs could bo found. Hilo Bay would 
appear to be an almost ideal site for such fumieling, but measurements 
around ite shores diow no systematic increase in heights toward its 
head (fig. 7 mid 8 ). Similarly there was a lack of increase in heights 
toward the head of the broad V-shaped embayment on the noitheni 
coast of Maui. Possibly tlie extreme height of 54 feet at Waikolu 
Valley, on the northern shore of Jlolokai, may have been partly the 
result of funneliog between Kalauptipa Peninsula and the imint and 
small islands just cast of the mouth of the valley. At both Pololu 
Valley on Hawaii and Pelekuiiu Valley on Molokai, the water level 
was higher at the bay head tlian on tlie waUs of the bay part way out. 
However, at Pololu Valley, and probably also at Pelckunu, this level 
was the result of a local upsurge where the waves ci^d the beach. 
CSonvei-sely, several buys were found in which the heights reached by 

the waterVere less at the bay head than near its mouth. 

Several small steep valleys, debouching into small ba>s, were foiind 
in which the water rose to appreciably greater heights along the ^lley 
axis than on the sides near the bay mouth or opposite the ^ach. Thus 
in the small bay just south of Honamaula Bay, on the eastern sho« of 
Kauai, the water rose only 25 feet on the boy sides but swept up the 
amaU valley at its head to a heightof 40 feet. AtMoloaa onKauai,the 
water reached on altitude of 10 feet in the axis of the valley but only 
30 to 35 feet on the bay walls. Again, at Honouhwai, on Molokai the 
water reached a height of 2T feet opposite the bench, but went 6 feet 
higher up the vnlley. These ure merely spwiiOized esuiiiples of effect, 
ui^m the rush of water up on shore, of a toixjgraphy above sea levd 
which served to concentrate the inrushing water, 

Merffing of wows from different di>ec/i<ma.-TVave crests traveling 
by different routes may ariive at a given locality simultaiieous y 



giving rise to a wave of greater size than either. Likewise, the simul¬ 
taneous arrival by different routes of a wave crest and a wave trow^ 
may effectually cancel out both. Thus, variations in the size and in¬ 
tensity of waves, particularly on the sides of the islands away from the 
wave origin, may result from the arrival, either in or out of phase, of 
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Flaw 7.—Mnp of tbp Mund of EhwaH, Rbowlug bcl^bts (In feet Above Iqitof low 
witter) rPAcbed by the water dtnini; tbe t^nonU of AprlJ 1, l&^ei 

two wave trains. During the tsunami of 194G several examples of the 
formation of a large wave by the juncture of two smaller ones were 
observed. Tlius, in tlie Keaukuha area east of Hilo, witnesses described 
the arrival of a wave from the north simultaneously w-ith one from 
the northeast, which built up a very high crest at the place of juncture. 
At the head of Mauttalua Bay, on the southeastern shore of Oahu, two 
waves were seen to advance up channels across the wide reef, move 
toward each other parallel with the shore, and meet^ throwing water 
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upward like the spray from a geyser. The waier dashed up on shora to 
a height of only S foet eseept at the place of juncture^ where it swept 
over the top of a sandspit 5 foet above sea level 

Progressively southward around the shores of Kauai, the average 
lieight of the high-water marks gradually decreases^ and along much 
of the southern shore it is 6 to 12 feet above sea level However^ in a 
zone 3 or 4 mil^ wide it ranges from 15 to IS feet. This zone is almost 
directly across the island from tiie direction of wave origin, and prob¬ 
ably represents the area in which the waves refracted around opposite 
aides of the island met and reinforced each other. 

DAMAGE ET THE TSUNAIII 

Damage by the t^nami can be divided into Btriictiiral damage, 
damage by erosion and deposition, and damage by flooding* The 
total property damage has Wn estimated by the office of the Governor, 
Territory of Hawaii, at about !^5,000,OCK). Spare permits only a brief 
review of the types of damage^ The numbers of dwellings destroyed 
and damaged by the tsunami on the major islands are listed in table 2 
on page 276. 

Structural damage includes damage to buildings, roads, railroads, 
bridges, piers, breakwaters, fishpond walls, and ships. Frame build¬ 
ings at low altitudes along Hawaiian shores suffered extensive damage. 
Some were knocked over, by the force of the waves, by cutting away 
of the sand on which they stood, or by destruction of the foundations. 
Others were bodily washed away from their foundations. Some had 
walls pushed in by the force of the water, and in a few reaidencea the 
water went on through the house and took out the opposite wall As 
with earthquakes, there was a tendency to reduce the few two-stoiy 
buildingg to a single story, by destruction of the lower stoiy. It is 
noteworthy that houses which were well built and tied together in- 
temaUy could be moved for considerable distances without suffering 
severe damage* Evan more striking was the fact that houses elevated 
on stia foot lo several feet above the ground survived the waves much 
more effectively tiian did those built directly on the ground. Appar¬ 
ently the water was able to pass under such houses without greatly dis¬ 
turbing them, unless it was deep enough actually to float the house off 
the stilts. The few reinforced concrete structures in devastated areas 
suffered little or no damage except that caused by flooding. 

The railroads along the northern coast of Oahu and in Hilo were 
wrecked, partly through destruction of the roadbed, but largely because 
the tracks were shifted off the roadbed, either inland or shoreward. 
Locally rails were torn loosc^ but more generally the track was moved 
cn masse, a motion probably aided by the buoyancy of the tics. Coastal 
highways also were partly destroyed, largely by underciitting as the 
water returned seaward, but partly by the direct force of the waves. 
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Several highway and railway bridges were destroyed- hlost appear to 
have been partly or entirely lifted from their foundations by the rising 
of the water under them. The head of the pier at Waianae, Oahu, wus 
damaged in the some manner. At the Wailuhu Hi ver, in Hilo, an entire 
span of the steel railroad bridge was torn loose and carried 750 feet 
upstream, passing under but not damaging a highway bridge. At 
Koickole Stream, 11 miles farther north, an entire leg of the high steel 
railroad trestle was removed and carried upstream about 500 feet. 

Part of the end and much of the shed of pier I in Hilo was wrectefl 
by the force of the wave. Most of the damage on pier 3, however, re¬ 
sulted when heavy pontoons, which had b^n moored nearby, were 
wa.d]ed across the pier. The wharves at Kabul ui on Maui were flooded, 
hut sustained little structural damage. 

The upper part of the breakwater at Hilo was about f*l percent de¬ 
stroyed (fig. 8). Blocks of rock weighing more than 8 tons were lifted 
off tile breakwater and dropped both inside and outside it. Destruc¬ 
tion was limited, liowevcr, to the part above water or that only slightly 
submerged. The average depth of water over the destroyed sections 
after the wave was only about 3 fcoL The breakwater at Kabului, 
Maui, also suffered minor damage. At both Hilo and Kahului the 
breakwaters appear to have reduced materially the height and violence 
of the waves in the enclosed portions of the Jiarbors. 

Many small boats were w:ished ashore and damaged. Railroad cars 
were overturned on Oahu, Maui, and Hawaii. Many automobiles were 
wrecked. The loose stone walls of fishponds along the southern coast 
of Molokai were partly thrown down. The mill of tlie Ilakalau Sugar 
Co., situated only about 10 feet above sea level at the mouth of Hnka- 
lau Gtdcb on the island of Ha waii, suffered severe damage. 

Erosion by the tsunami resulted in the partial removal of some sand 
beaches, in some places causing a retreat of the oliore line for several 
tens of feet, cutting of small scarps, and forming of large bench cusps 
at the heads of beaches; locally, erosion caiise<l stripping away of 
u small amount of soil. The erosion was largely concentrated high on 
the beach, .several feet above sea level. Some of the sand from the 
beaches wa.s c.arried inland and redeposited. At Haena, Eauai, the 
highway was buried under 4 feet of sand, and thinner layers of sand 
covered roads on OaJiu, 

Flooding caused much water damage to house furnishings and 
personal property. 

LOSS OF LIFB AND PERSONAL INJUBT 

The follow ing table sununari3se.s, by islands, the number of persons 
kilted, injured, or missing os a resutt of the tsunami. The figures were 
supplied by the American Bwl Cross. Most of the deatlis were by 
drowning. By far the heaviest toU was at Hilo, with 83 known dead 
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FicvMt S.—Map ftt tlie llUo areu on Uia loliiiul of tiawnll, idiowlnK Uie hclgbis r(!hc1i«*) by the water, tlisanou ixfUouilInK, niid ttio partial) 
«f the Urcukwater ileBtraycd (alindcd portions} durlne tho tsunami of April 1.1040. Hekbta are In feet flbOTo lower low water. 





























276 ANNUAL HEFOirr SMITHSONIAN INSTITUTTON, 1947 

and 13 missing. Those listed as missing have been missing for more 
than 2 months, and must be presumed dead, bringing the total number 
of probable dead to 159. Great as it was, tbifi loss of life was moderate 
compared to that in some otlier tsimanus, such os that of 139G in the 
Saoriku district in Japan, which took more than 2T,ODO liras (Byeriy, 
1942, p, 72). 
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IkUTIQATlQ^ OF DJSASTEHS SESULTING FKOM FUTUEE TSUNAAIIH 

There is no Hawaiian shore which is exempt from tsunamis. The 
most likely souroes of devastating tsunamis ate the Xorth Pacific and 
South America. The areas heavily bit by the 1946 tsunami are prob¬ 
ably tlioso most likely to be hit hard again by tsun amis from the Korth 
Pacific. Violent tsunamis from Central or SouUi America tn ight, how¬ 
ever, cause much more damage than did the 1946 tsunami along eastern 
and southern coasts. There is aleo posibility of serious damage on 
western diores by a tsunami from Japan, particularly if the tsunami 
occurred during a hcaiy southwesterly stonn. Tsunamis of local 
origin might do heavy damage on any shore. 

It is obviously impractical to consider the removal of all dwellings 
from Hawaiian shores because of the danger from tsunamis. It might, 
however, be advisable to prevent or restrict building in certain areas 
of greatest danger, particularly in centers of heavy population, such 
os the waterfront at Htlo. Construction of suitable sea walls might 
also be advisable in places. Sea walls cannot, however, be buiit high 
and strong enough to hold the water back completely, and an open 
zone should be left back of the wall in which the water pouring over 
the wall can use up its energy in turbulence. Any construction per¬ 
mitted in such areas should b« of a wave-resistant type, such ns rein¬ 
forced concrete. These wave-resistant buildings would have the added 
virtue of serving os a line of defense for frailer structures behind them. 
Frame structure in rural areas should be built up og the ground, and 
far enough back from the edge of the beach to reduce the danger of 
undercutting. They should also be properly reinforced and tied 
together. 
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It appears inevitable that future tsunamis will cause loss of property 
on Hawaiian shores, but loss of life from all ext'opt tsuDamis of local 
origin could be largely oc entirely avoided. A system of stations 
could be established around the shores of the Pacitic and on mid- 
Pocilic islands, which would observe either visually or instrumcntally 
the arrival of large long waves of the periods chnructerizing tsunamis. 
The arrival of these waves should be reported immediately to n central 
station, whose duly it would be to correlate the reports and issue warn¬ 
ings to places in the path of tlio waves. It should be possible in this 
way to give the people of Uie Hawaiian Islands enough warning of the 
approach of a tsunauu to permit them to reach places of safety. The 
effectiveness of the warning, however, would depend on education of 
the public on the necessity for leaving areas of danger, and on tlie 
efficiency of the local organization in spreading the warning and evacu¬ 
ating the threatened areas. Eventually it should also be possible to 
state, at the same time, which areas are likely to suffer the most damage. 
Before that can be done, however, we need more knowledge of the 
behavior of tsunamis on Hawaiian shores, particnlavly tsunamis from 
sources in the eastern and western Pacific, and a more complete picture 
of tlie submarine topography around the Hawaiian Islands. 

SUUMAltY 

Tlie tsunami which readied the shores of Uie Hawaiian Islands on 
April 1, 1946, was the most destructive in the history of the Islands, 
Generated by a sudden shifting of the sea bottom on tlie northern 
slope of the Aleutian trough, the w'aves traveled southward to Hawaii 
witli an average speed of 490 iniles^ an hour, an average wave length 
of about 122 miles, and a height over the deep ocean of about 2 feet. 
Effects on Hawaiian shores varied greatly. Locally the water dashed 
more flian 50 feet above sea level and swept aa much as half a mile 
inland. Elsewhere the rise in water level was very small, and wave.s 
were gentle. Proixsrty damage was heavy but loss of life was moderate. 

Tlie heights and intensities of the waves at different points were in¬ 
fluenced by position on the island toward or away from the source 
of the waves, offshore submarine topography, presence or absence of 
coral reefs, sliore-line configuration, mutual reinforcement or inter¬ 
ference by waves traveling different paths, and t!ie presence or absence 
of storm waves. Loss of property during future tsunamis can be 
reduced by proper construction, by erection of sea walls, and by re¬ 
stricting or prohibiting construction in certain eapecinlly dangerous 
areas. Loss of life can be nearly or entirely eliminated by tile estab¬ 
lishment of a suitable system for w arning of the approach of woves. 
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Plate 1 



1, WflECKACiE LEFT BT THE TSUNAHJ ALONS KAMEHAMeHA AVENUE. HlU5 

PuJIrllmct till m-? Ml-IiiuwI (wswrpT^I mt Ihi Ptpfli bn-n ijuib/d ifthi ibe itiwt. mme- ttwiffl of Jm 
tflI«?t4 olbtfffl M- ^ liah?^- Plw^tgrAS^ib by Ifnineii LimAui. 



2. HCriJSE »K KtAUKAMA, Ea$T OP HILQ, CAflmCD INLAND ABOUT 100 FEET BY THP 

^AVEB 

Tb# biriiig Id thi was aborit |4M ttorfi of lb* wilir. l^btftofr*iib by fl- A. SI 






^hqHjd, umI Ctm 


PU^T£ Z 



MOUTH OF TH€ WAILUKU RIVER AT HlUO. SHOWING THE ADVANCE DF ONE OF 
THE LATER WAVES INTO THE RIVER MoUTH 

riMitopnrlk Iflkm nmr Ihr twiwrfH IWQW^.V^ nhawims wniirr, im\} i|j^ waikj MiFtiair uji 

tli^ rE'^Cf OA »t?dl apEHPudHX. Tb« jflcv^l ipnn front tlw aEftMit rulIrDud briftpi li vJaililia Ea 

fltkjdlf dlvtiinirf. rb4lo||vii|ib by Fmida Lymui. 



2 , A MINUTE OR So LATER. TrE WAVES ARE SWEEPING TuRBULERTLV UP THE 

River 

Flkjtoijrtfjti hy Fiukrti L^rnum. 
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Plate 3 



1. TH£ VERY High stage CF the WATE«. m WAILUKU RJVEH AT Hll^. REACHED 
3 OH 4 MUmUTES LATEfi THAH THE STAGE SHOWN IN PLATE 2, FiSUHE 2 
Ph(jE4ticniSili by WarTTTi 



2 SCARP 5 FEET WISH CUT BY THE TSUNAMI AT THE HEAD OF THE SEACH AT 

MOLOAA. Kauai 
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PLATE 4 



L Railroad Track Swe^r Ii^land from its Bio at was alee, oano 
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2. CORAL Heads Thrown upon the Beach at Kaaawa. Oahu, bv the tsunami 

PhitlfifCRlflh by O. A- ^ruj VlnnaLl 
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Plate 5 



1. (^MVE OF panoanus Trees 

UP ON THE SHORE PLATFORM* 
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SMALL BOAT WASHEO I nLAND AND UEFT StdANDED BY THE TSDNAMI NEAR 
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DROWNED ANCIENT ISLANDS OF THE PACIFIC BASIN * 


Bt H. B. Rkss 

D«9artmvnt 0/ Oeolopjv, Wflcelim U'nfKrif^i/ 


PAST I. DEaCBlI*TlON 

A large number of curious, Sat-topped peaks have been discovered 
scattered over millions of square miles in tlie Pacific basin. TliesB 
peaks are roughly oval in plan and their slopes suggest volcanic coues. 
Tl»e remarkable feature about them is that they are truncated by a 
level surface which now stands approiimately TfiO fathoms (4^00 
feet) below sea level. For convenience in discussing these submerged 
fiat'topped peaks which rise from the normal ocean Qoor^ the writer 
will henceforth call tlicm “guyots** after the ninetccnth-ecntury 
geographer, Arnold GtiyoL 

Betz and Hess (1942) discussed the major features of the fioor of 
tile North Pacific. This was in the nature of a broad areal reconnois' 
sance of the largest features of this e.vtensive region. Since 1942, 
Hess has spent 2 years at sea in the western Pacific and has thus had 
the Opportunity to till in some details which bring to light many new 
relationships and necessitate some moditication of ideas originally set 
forth. The data presented in tltia paper were obtained on random 
travetses incidental to wartime cruising on the U, S. S. Cape Johtiam^ 
What passed beneath the ship was recorded but it was not feasible to 
investigate further sudi interesting features os were encountered. 
Neverthelcs! it ia evident that much information can be obtained on 
the geological histoiy of an oceanic area by judicious use of available 
techniques. It is a vast and intriguing field for research under more 
auspicious peacetime conditionsi 

SCOPE OP rHESENT iJfVESTIOATIOS 

From random sounding traverses across or merely grazing gnyots 
an attempt will bo made to construct a picture of their phymcal fea¬ 
tures. The data collected on the cruises of the Cape /oAtwon have 

tPrfBMttd Iwfdn t'hf. of l’«i'iiBflphywltaiL A^nerlcfcti G»phftinl tTiiJoii. Jn 

U an Mat Relrtltared p*rtil*ilon frani JocLraml 

of SdKirt, Tal. 244, idtfod t«it ud UluitritiOM* 
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been supplemented by soundings obtained from the files of the Hy¬ 
drographic Office, United States Na¥y. The origin and nge of the 
flat upper surfaces of guyots represent the main problem of this paper* 
Secondarily the relation of guyots to atolls of the northern Marshall 
Islands will be discussed. 


AB£At. ot outots 

The distribution of known and suspected guyots is shown in figure 1* 
EougUIy they are known to occur north of the Carolines and east of 



riauKE L—Areal dltftiihutloa of guyiitfl ta the wenlem and eentrAl Pacific. The 
mwombi neSLt to gome of the fwots Indicate the depUi lu fathoine to tlie tlat 
upper «iirfac& 


the Marianas and Volcano Islands between latitudes S^SO' and 27"^ S’, 
and lon^tndcs 165* W, to 146® E. None has been found west and 
eouth of tile above boundaries though this area has been at least as well 
explored as the former. North and east of the region outlined above 
it appears from scattered soundings that the area containmg guynts 
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does extend to 45° 14", to 165° W, Soane of the seamounts in the Guli 
of Alaska described by Murray (1^1) almost certainly are guyots, 
whereas otheis appear to be of a different diaraeter. Twenty bona 
dde guyots were encountered at sea by Uxe writer and some 140 more 
are indicated by soundings on Hydrographic Office charts and docu* 
ments. Considering sparsencss of dccp-sea soundings in parts of the 
area mentioned above, it is likely that a large number of undiscoremd 
ones are present. 



pnTgi<]jfci< rtATlTPEfi or airtoTe 

One of the best profiles obtained across a guyot was one encountered 
south of Eniwotok on October 0, ID44, in latitude 8®5(K If., longitude 
163° 10' E. This guyot is about 35 miles in diameter at the base, and 
the truncated upper surface is about D miles in diameter. The top is 
remarkably flat at a depth of 620 fathoms.* The outer rim of the top 
is beveled by a gently sloping shelf 1 or 2 miles wide (slope 2® to 3° J, 
The outer margin of the gentle slope is about 70 fatJionis deeper than 

■ All pvilin^ln^ meatlfliiM Is tbti pAEirr 4r# uncam^tpd for fraJIttlt^, ti'ttiprrttiirf, nnd 
Add I4k«ti wilh fattaoiiieten hi to Jl fp«d of 100114 in Ui^ bm WAter of 

4J0D fMt ptr Tiat corrMt)&M wctold Ik toft fmoll to 1» Of ALfnldcaiiH Id tills 
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the iniuer mar^n. Thia gentle slope breaks abruptly to at its 
outer margin. The proSle from the edge of the sheli to the normal 
ocean floor at S,600 fathoms as might be eii>ected, concave upward. 
From an arerage of 22'' at the top it gradually decreases In steepness 
until it forms a smooth tangent with the ocean floor at the bottotn. 



FtauK S.-'FaUiotDeter lecortler tmee of a typical snyot. Note Irre^larmes on 
lower alopet wlta cooRlAQrablc Lblckenlni; ileaatliealng) of chi! echo trace, 
Tlucfic iDdlcnte ateep alopes to the alile (mrollel to ahlp's courae) and necessitate 
an aCJustmcot to obtain the approxteoate depth UnnuHlIately beneath the ehlix 
The adjustment bns been made ta flgnre 4. 

Figures 3 and 4 arc reproductions of tie sounding traverse across 
the guyoU 

Guyotg vary widely in size. Otie a few miles northeast of Eniwetok 
has a Sat summit only a couple of miles across (latitude 11^45' X., 
longitude 162^55' E.); whereas one some distaDoe farther northeast 
apparently has a flat upper surface 35 miles wide and has a diameter 
of 60 miles at its base (latitude 14° K., longitude 167°30' E,), In 
general they appear to be circular or oval in plan. No correlation has 
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been noted between the deptJis of the flat upper surfaces and the depths 
of the surrounding ocean floor, which normally ranges from 2,(SCO 
fathoms (15,600 feet) to S,100 fatlioms (IS,600 feet)< The observed 
depths of tlie flat upper surfaces of typical guyots range from 520 
fathoms (0,120 feet) to 960 fathoms (5,760 feet), with most values 
concentrated near the center of th?H group (800 fathoms). Thus 
the guyots rise from 10,000 to 15,000 feet above the ocean floor. The 
flat tops of guyots in general do not exhibit accordance of summit 
levela It is quite common to And groups of guyots in a relatively 
small area with flat tops varying several hundred fathoms from one 



FKir» 4.—This Otasnai was traced dlrectlj tram ngare 3 and adliu(in«Bta fbr 
■teep slopes to the ride made. The rert leal and hatlvi'iitaj atiales and tmmerlcBl 
values of the riopcs tc degree arc glrea. 


to another among the group. Less common] j two or three guyots in a 
group will have approximately the same depth. 

A few guyots were found to have upper surfaces which were gently 
undulating rather than flat. Tliese undulating or hummocky surfaces 
have a maximum relief of about 40 fathoms. In most cases the flat 
surface can be seen here and there in the profiles and it passes hetieath 
the hummocky material (fig. 6), Judging from the evidence, most 
guyots have been swept clean of the fine sediments which must be 
continually settling upon them. In the case of the rare, hummocky 
ones it would appear that the fine precipitates had for some reason not 
been completely swept off. It is mtlier surprising that the normal 
guyots are swept clean since water currents at such depths as these 
are thought to be slight. One must look to occasional bottom stir-up 
by tsunami (Bucher, IM)), though possibly currents related to tides 
might be strong enough. Once the sediment on these isolated, flat- 
topped peaks is stirred up, very little of it would be expected to fall 
back on top of tbe guyot. It would be dispersed over the surrounding 
area. 
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Ffouir a—Tracinc of faUiooiet^ nword lliowzi ^n figure 6^ adjusted und with 

ocaloa Indieated^ 
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Though few guyots sliow any suggestion of terraces on their outer 
sloi>es, one large guyot near latitude 20** N., longitude 14fl® E. has a 
welhdoveloped flat upper surface at 800 fathoms, and projecting from 
under its southeastern margin there appears to be a terrace or older 
guyot witli a flat upper surface at 1,100 fathoms. In the area between 
Wake Island and Johnston Island there are a number of normal guyots 
rising from hilly arcus which have numerous flnt or nearly flat sur¬ 
faces between l,i00 and 1,000 fathoms. These hilly areas with flat or 
nearly flat surfaces have as yet been insufficiently esplored to under¬ 
stand the relationships they exhibit. They may represent areas of 
older, deeper guyots partly buried by sediments, but until a more 
detailed examination of them cen bo made, their nature will have to 
remain rather obscure. Such areas do not appear to bo common 



Ficcii* t.—EelatlOT «f Eniwetok AteH to oearky mujota wklch are outlined cm 

the di&GmD tj Autl 

elsewhere. Some of JIunay’s Gulf of Ala^ft seamounts possibly also 
fit into this category. The great mfijortty of guyots rise from the 
normal floor. 

KlMiAtlON or OTTrOTS to Atoms IN TIIE aiAfCSHAIiL INLANDS 

Many guyots are pr^nt in clos^ assoclatiDii with atolls in the 
Dorthem MarslmU Islands. Tlie pn^t disca^sion is centfired about 
Eniwetob Atoll of that groups This atoll apparently rests in part 
upon two giiyota so that the flat upper surfaces of the ^yots project 
Gilt beneath its southern and northwestern elopes resulting in a weU’*" 
developed bench on those sides at a depth of 700 fathonis- The eoBtem 
side of Eniwetok shows a nonnal atoll slope with no sngg^ion of a 
bench^ and the central portion of the western side shows similar fea¬ 
tures. Figure 7 shows the relationship between Eniwetok Atoll and 
the nearby guyots, end Bgurcs 8 and 9 show two proflleSi one approach^ 
ing the passage between Japtan and Parry Islands from the east and 
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the other approaching Wide Passage at the south end of the atoll from 
the south, which shows the gu^ot apparently disappearing beneath the 
atoU slope. 

The absence of a TOO-fathom bench locally around part of Eniwetok 
Atoll strongly suggests that tiie atoU and its volcanic core are younger 
than tho benches which project from Its southern and northwestern 
sides. The whole structure of the atoll, in other words, seems to have 
been superimposed upon the older and already existing surface of the 
guyofs. Since it can, without too much license, be assumed that the 
other nearby atolls of the hlarshall group developed simultaneously 
with Eniwetok, their slopes might be examined for 700-fathom 



8r—IVudiiE from fBLhomet^r of 

from Eolwctok abowln^ tbe fttoll presmnAbly irtiperSmposed upon a jjujot <A-A 
of figure T)* 


benches for further substantiation of the age relations postulated 
above. Only two of these have been adequately charted, Majuro and 
Ewajalein, and neither of them shows TOO-fathom benches. When 
it is considered that a relatively small atoll such as Majuro shows no 
bench at 700 fathoms while not very far away a guyot has a truncated 
upper surface 35 miles across, it is evident that Majuro could never 
have been subjected to the conditions which planed oS the 35'imle- 
wide surface of the guyot. 


PAirr H. THEcmx 

The writer has given a great deal of thought to the problem of 
origin of guyots since first encountering them in !tM4. In part I ol 
this paper the physical features of guyots, so far os they are known, 
are described. It now remains to account for them. During the past 
2 years, many hypotheses were tried and discarded. Finally the writer 
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arrived at the hypothecs here presented. Though it explains the facts 
at present arailable, it is hi^y epeculsttve and might easily be 
wrong. Ifevertheless, it seems worth present tng as a worki ng hypothe¬ 
sis, particularly since it has many interesting ramifications^ some of 
which would be worthy of investigation even if the parent hypothesis 
were found to be invalid. 

EXPLANATION OF DBVELorjIliNT OF ttlTER SDUFaCE OF OCTOTS 

When the writer first discovered guyota, be supposed tliat they were 
drowned atolls. However, this hyiiothcsis proved untenable upon 



Fidum a,— Profile B-B of fltrure 7 sIiowItlc Lonnal atoll slope approachlnfi 

Ealwetok from tbe til&sL 

further study. A profile of an atoll should show a rise along the outer 
margin representing tlie area of active reef growth and should be 
dished in the middlo—the lagoon—unless it were filled in wi th younger 
Bedimants. On an atoll, the profile breaks abruptly outside of the 
living reef and descends in slopes averaging about 2S . Xliere is no 
feature comparable to the gently sloping shelf found around the Gat 
to^ of nearly all guyots. In fact there seems to be no ay of account¬ 
ing for these shelves unless the guyots had developed in a sea which 
did not support reef-building organisms 
It mav reasonably be assumed that guyots were originally volcanic 
peaks. After a long period of time they became sLabiliised and were 
eroded down to low relief. At this t im e they developed gently sloping 
shelves around them as might be expected in the cose of a maturely 
dissected island. This was followed by ft long period of marine 
planation, unhampered by reef growth, ultimately forming the Gat 
upper surfaces. If marine planation cut tlie island down to about 30 
fathoms below sea level, tJien the outer margin of the gently sloping 
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shelves, normally some 70 fathoms deeper^ would have originally 
represented approximately a 100-fathom curve around the Island. 

Possibilities of accounting for the reef-free surface of tlie guyots hy 
some connection with a glacial epoch were coiiaidered and rejected. If 
i-cef growth had been inhibited by a glacial epocfap tlie guyota wonJd 
have had to have suffered marine planation followed by sudden subsi¬ 
dence to below the level at which reef growth would recommence at the 
end of the glacial epoch—^a coincidence which makes the hjrpothesis 
very unlikely. The glacial epoch would have had to be a very long one 
to permit complete planation of the larger guyota. It cannot possibly 
be referred to the Pleistocene epoch since the Marshall Islands atolls 
aixs younger than the guyets and there could obviously not have been 
time for marine planation, subsidence, and upbuilding of the atolls 



Fhittez jo.—P roflloa acres two ctK A is aormiU that the aloplog 

nhelf is lecklni; eo ttic Ha^kt-baad sjde ^ B La an example of the fauaimodiu' type 
of upper aurface. 

all in tliis short epoch aside from the inconsistency that the cold water 
was called upon to keep the guyot surface reef-free but later on per¬ 
mitted the upbuilding of the atolls. 

OENBRAL KEI^TtOirS WITHIN PACIFIC BASIN 

Since it is difHcult to discuss imy theory of origin of guyols against 
the background of misconception and iU-founded theories which at 
I>reseiit confound geologic literature on ocean basins and the Pacific 
Basin in particular, the writer propose? to wipo the slate clean and 
start on a now basis. 

The Pacific Basin ia here considered to comprise tlje central portion 
of the ocf^n and is bounded by an almost continuous belt of strong 
late Cretaceous-Tertiary mountain building. On the northern and 
western bordenj thia belt Is characterized by elongate deeps which lie 
over downbuckks of the earth^s crust * Belated island orc^ show 


* St* tli« v<ii-hA dF i.Dfl atb?rf oq triTlI? qf nea. 
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intense volcanic and seismic activity.* * On the eastern margin arc 
found the cordilleras of the North and South American west coasts and 
on the south littln-lmowii Antarctica, The volcanic rocta of the 
islands of the Pacific Basin are donnnantly basaltic^ whereas those 
related to the island arcs and their uplifted cordillera equivalents are 
dominantly andesitic. The area of arcs and cordillenis bordering 
the Basin is tectonically the most active and unstable area of the 
earth’s crust today. The Pacific Basin itself seems to b® tectonically 
a most stable area and possibly has been throughout geologic time.* 
One encounters no evidence of folding anywhere over its broad ex¬ 
panse. Though fault scarps can be found, their rarity bespeaks gicat 
stability. Seismic activity in the Pacific Basin is almost nil. 

Tlie writer favors Buddington's concept of the nature of the 

earth’s crust and considers that the suboceanic crust probably consists 
of horizontaliy layered rocks including such typra as norite, gabbro, 
anorthosite, pyrojtenite, peridotite, dunite, and probably some oclogitic 
facies. These are relatively strong rocks^tronger thati the granitic 
to quartz dioritic rocks which presumably make up the ‘‘granitic” 
layer of continents. The writer believes the oceanic crust is very 
strong though this opinion is at variance with existing textbooks and 
much of the current literature. However, Jeffreys (192S>), Duly 
(1040), and Longwell (1045) all favor a strong oceanic crust. The 
only bases for judging its strength aca its behavior and the strength 
of the rocks of which it h thought to be composed. Both of these 
indicate strength. The reason it has been generally considered to be 
weak, appears to be related to calling it the exposed sima or the 
basaltic substratum and consciously or unconsciously bringing in 
Daly% theory of a weak gloaay basaltic substratum. But Daly post¬ 
ulated a strong crust and weak substratum at considerable depth. 
Those favoring the hypothesis of continental drift assumed a very 
weak basaltic crust below the oceans without, so far as the writer 
is awarei, presenting evidence other than the hypothesis of drift, to 
substantiate assumption. 


•Tter* I* grurmi .jwe^PPit - la the poaltlon ar tSf- 
Murcia «rf PartSr RMln far IS* iroa of the CJiKiltiu TrlAUSii^. Sanw pUM tllW 

lDri.Tr .n.T FnMP auiri.fr al tl.* -WDarrite li.*." The ocrlter trutelleriy lurlu,of^e 
ChieUnr. Id the Fheiae ItCriD -=d tTi«. the «enderite ime’ deWD heir weeterD 
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H 4 W«|L Tlae trtntti Qf Uiw m fl|rproElmtely imraU»l W the ricinjra l*n 

flitm ry mil tht rfoDcitlon of tbe dlillL 
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Aluny sutlmn; Iiato correlated the observation that island arcs (and 
hence mountain building) develop in the oocean basins along the 
margins of continents with tbe concept that the continental massifs 
are strong and the oceanic crust weak, thereby accounting for tbe 
localization. However, if mountain-building forces are related to 



FjaimE 11,—Ffltl»>ineti?r nTOrder trniiG of go^iit In lAtitnde 14*2(0' tongltiide 
W- ahlp*e apeed. 13,? knotflj eonrie 050* 


convection currents witliin the earth (Qrigga, 1930), the most satis¬ 
factory of the present theories, then tlie localization can more reason¬ 
ably be explained on the basis of heat relations within the crust. 
Being warmer under continents and cooler under oceans tbe down¬ 
ward-flow part of the convection cell would be more likely to be 
localized under the ocean and would be supplemented in some cases by 
the outward flow of warm material from beneath the continental area. 

Having concluded that the Pacific Basin u'as in general strong and 
stable, it is now appropriate to turn to exceptions in detaU to these 
generalities. All volcanic islands of the ocean basin proper (exclud¬ 
ing from this discussion the highly unstable Mand arc areas) are 
subject to frequent vertical movements as long as vulcanisni is active. 
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In diia sense tbe; e re unstable. The expansion during nugma genera¬ 
tion, injection of magma into the cmst below the rolcano, cEystellizs- 
tion of magma and contraction, extrusion of magma from a central 
vent and iaostatio adjtietmonta to the load, out-flow of weak oceanic 
clays from beneath the volcanic load, etc«, idl tend to result in vertical 
movements of the volcanic island. Such islands may have terraces 



Fliiuus iS.^Flathonteter reconlGr trace of pjot ni*ar latltiidc 21* N., loofttaOe 
ITS* HL Ship's BpeiHl. IS'S kno w I course 058* trno. 


extending to hundreds of feet above sea level and at the same time 
have droAvned shore lines and exhibit a series of submerged terraces 
ns well. Once this vulennism dies, the island will probably become 
stable. Of the hundreds of atolls and banks with their volcanic 
pedestals beneath them, one can find very few in the Pacific Basin 
which have had their coral reefs uplifted by as much as ISO foct * 


UfloDM (IMI) hccunatnei pmTitJ ilat« (or «*onlc ThoasH r*r, 

local, jMoUtrtc iBoituiIIt* an (ounfl on POrb UUoda, IM n^nal mowH™ *b 
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e<]oll)brlniiL TlOa l0d!«t« a |Mlo(««allr npld aiUoataiEDl 1o tU dlinwhauw 
of r^Mlllbilnm br«u|bt about bj TBlnaltHi. 
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Aside froni vulcanism and ita effect of produciog local polnta of 
instability, convection cumriU of laser intenaity than those produc¬ 
ing island arcs may i^lt in vertical movement of the suboceanic 
crujat ftt tunes, 

HTTCTHEriCAL DEVELOPl^tENT OF THE HJETOET OF THE PACTPIC AND 

THE ORiGlN OF OUTOTS 

Most discussions of PaoiBc historical geology jam all the knoivn 
history into the late Tertiary, Pleistocene, and Eecent ageSL To be 
sure the rocks visible on the surface of volcanic islands ore mostly very 
young, predommantly Eecent plus some Pleistoeetiej and very rarely 
rocks that can be demonstrated to be as old as Tertiary* Many writers 
Jseem inclined to place Pacific a toll formation in the Pleistocene though 
others ertend it back into th$ Tertiary ( Steams, 1946). On the other 
hand, the Pacific Basin h generally considered to be very old, probably 
dating from early pre-Cambrian time (Kuenen, 1937), It seems 
reasonable to suppose that volcanic activity in the Pacific Basin and 
hence island formation has gone on sporadically Binco early pre-Cam¬ 
brian* 1111616 then are the pre-Cambrian, Paleozoic, and Mesozoic 
islands if In order to answer this it is necessary to digi*es 3 along 
several other channels* 

Any island formed in the Basin can be a^^uned to have begim as a 
volcano or group of volcanoes. After vulcanism ceased and the island 
had become stabilized, the following sequence of events would neces- 
tarily take place. The island would be eroded to low relief, and after a 
long iwriod of time (providing growth of reef-forming organisms did 
not interfere) the island would completely disappear ns a result of 
marine phmalion. Such must have been the fate of all pre-Cambrian 
islands before reef-forming orgnuiams existed. 

Kuenen (1937) and 1941) has concluded that there has been little 
change of sea level since early pre-Cambrian time. He estimated that 
the rate of sedimentation, in the deep sea is approximately 1 cubic 
centimeter in 10,000 years for red clay, since the end of the pre-Cam- 
briau, and 1 cubic centimeter in 5,000 years for globigerina ooze. Since 
most of the mnteHal deposited on the ocean floor has ultimately come 
from ihe continent*?, isostatk a^ljustment of the load on the sea floor 
and the lo^ of weight from Uie continents bos resulted in the sinking 
of Uic former and rise of the hitter eo that tlie relative sen levd with 
respect to the continents lias not changed very mudi. One obviously 
cannot put a layer of several tliousaiid feet of sediments into the oceans 
without causing the water to rise by an tKiuivalent amount (less tlie 
water includc^l in pors space in the sediments). Thus, quite apart from 
the discussion of isostatic adjustment mentioned above, every centi¬ 
meter of sediment put into the ocean causes aea level to rise with respect 
to an oceanic island by just a Utile less Llian a centimeter (losa by the 
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amount of water in pore space of the sedlmant). Eren thougli the fig¬ 
ure cited for the rate of s^uneDtation maj be innccuiate it neverthe¬ 
less follows that oceanic islands are and have always been slowly sink¬ 
ing relative to sea leveL 

It stands to reason that once lime-secreting organisms appeared in 
the oceans, presumably in Cambrian time they would grow upon any 
a vailable shallow, wave-cot platfonn and both tend to protect it from 
fnrtber wave action and build it np to sea 1eve3. These reef-forming 
organisms need not have been very efficient reef builders to keep pace 
with a settling rate of 1 cubic centimeter in perhaps 5,000 years. So 



Fn^traK is^^Sequeoce dentctUs diagruninatk'ah; furots aod atoUs la stepa of 
CecrGBSina 0 K stands for OeaasoEc and Beceat; U, Mesosoic ; P, PbIcoxoIc. 

In upper half of diasraca the effect of the Umeetooe load oa mtoUt la netLfcted 
to illustrate the orl),'taBl depth relatlooo to the wdcaiilc foaodatluiu). In the 
tower diagram the efTcct of load has been added. 

that hAginning in Cambrian time every island in warm seas which at 
that time had not been submerged below the level at which these or¬ 
ganisms could live, would be built up to sea level or nearly to sea level 
and could henceforth maintain its growth. In other words all Pale¬ 
ozoic, Mesozoic, and Tertiary islands which were eroded to low relief 
and submerged in warm seas must inevitably become banks or atolls 
and be maintained ns such throughout the pemninder of geologic time 
except for the interference of some mre diastrophic accidenh Epochs 
of glaciation might inhibit growth of reef-fomting organisms tem¬ 
porarily. Put these epochs are too short to permit the islands to sink 
to such a level that growth would not recommence with the return of 
warmer water. 

We may now turn to the uldmate objective of this long series of 
digressions, the guyota. It is proposed that they represent the relics 

7T748s-^s—za 
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of pre-CambHao inlands formed bj the processes suggested abore. 
The group of guyots with which we have been mainly concerned range 
from 620 to 960 fathoms (3,120 to 5,760 feet) below sea level. Ac¬ 
cepting Kuenen’s figures for accumulation of sediments, at least 2,000 
feet of sediments (solid) would have been deposited in the deep sea 
since prc-Cambrian time. The great bulk of sediments, however, are 
deposited along continental margins, on the shelves, slopes, and shal¬ 
low epeiric seas. It is almost impossible to estimate the amount of 
water displaced by these inasmuch as a thickness of tens of thousands 
of feet may displace only a relatively small amount of water since 
the bottom of such basins of sediments tend to sink isostatlcally under 
the load. These thick prisms of sediments may at a later time be 
deformed and welded to the continents, thereby enlarging tlie con¬ 
tinents at the expense of the oceans. Certainly these processes have 
decreased the areal extent of the oceans a considerable if unpredictable 
amount since the end of the pie-Cambrian. If sediments deposited in 
shallow waters around the continents displaced only half as much 
water as deep-sea sediments, an estimate which seems to the writer 
to be on the conservative side, then one could account for a rise of sea 
level relative to an oceanic island of 3,000 feet (BOO fathoms) since 
tlie end of the pre-Cambrian which is comparable to the present depth 
of the shallowest guyots. Thus we might attribute most guyots to a 
Proterozoic episode of vulcanisni. The occasional, lass well-preserved 
surfaces mentioned in the text, having depths between 1,100 and 1,900 
fathoms might be older and well back in the pre-Cambrian in age. 

aeoaUHUNDATION FOE FDTUKE HESE.^BCU 

With the above hypotheses in mind it would be exceedingly interest¬ 
ing to drill a hole 6,000 feet deep in the center of a Pacific Basin atoll. 
It is necessacy to avoid the outer margin of the atoll since it may well 
have built outward over its own debris. From another point of view, a 
hole drilled on the southern rim of Fniwetok would almost certainly 
penetrate into the underlying guyot at a depth of approximately 4,200 
feet. It would be extremely interesting also to make magnetic surveys 
of a number of atolls to estimate the depth to the volcanic core and 
perhaps couple such an investigation with seismic and gravimetric 
work. Bottom samples with the Piggot sampler taken from the flat 
tops and gentle marginal slopes of guyots might bring up some of the 
rock of which they sre formed, provided these surfaces had been swept 
completely clean of sediments. Pleistocene to Eecent banks in high 
latitudes whore cold water would inhibit growth of reef-forming or¬ 
ganisms should be investigated to compare their profiles with those 
of the guyots. A further investigation of Murray’s seamounts in the 
Gulf of Alaska might furnish some of the missing clues to the origin 
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of guyots, and might, if the hypothesis here preseated is coirect, show 
features exactly comparable to guyots but at depths shallower than 
500 fathoms. At the latitude of the Gulf of Alaska the water may 
have been too cold for reefs to grow on the platfoima 
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FUBTSEE COMMENT ON GUTOTS ANI> ATOLLS IN THE UGST OP 
BECENT LNFOBMATION 

Since the above paper was ffrst written investigntioneof Bikini Atoll 
have yielded important information, in particular the seismic profiles 
reported on by Dobrin, Suavely, White,Beresford,and Perkins (194C). 
Further comment seems desirable on the problems suggested by this 
information. 

The seismic proSles Indicate the presence of a rock comparable 
to basalt below the atoll. This high-velocity material reaches a maxi¬ 
mum depth of 11,|0€0 feet on the eastern side of the atoll, but rises 
to a[ depth of 5,500 to 0,000 feet not far from the soulbern rini, at a 
jmint slightly to the west of the uorth-south center line of the atolL 
The western tliird of the atoll was not investigated during tids survey. 
Since the highest point on the “bnsBlt’* surface lies on the western 
margin of the area investigated, it is possible that this “basalt^ rises to 
a level nearer tlie surface somewhere in the vicinity of the western 
or southwestern rim of the atoll. 

It is evident from the survey that the volcauic core of the atoll 
forms a peak located eccentrically with respect to the present atoll 
structuie. Textbook diagrams have led most of us to expect that the 
volcano would be nicely centered lameath the lagoon. A logical con- 
sideration of the proposition would Imvc indicated that the peak of 
the volcanic core siiould lie not under the center of tlie atoll, but more 
or less displaced toward the Ice side with respect to the prevailing 
wind-s, for reef growth is more rapid and vigorous on the windward 
fliHa The same conclusion was implicit in the results of the Boyal 
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Society investigation of Funafuti (1901). In tltat case a magnetic 
sutrey was made before tbe boring was attempted. The results showed 
a magnetic high close to the western margin, on the lee ade. It was, 
therefore, deemed desirable to drill on the western margin, but un¬ 
fortunately it was not pKissible to get the equipment on this location 
so the boring was made on tha eastern rim instead. (See fig?-14 and 
15.) 

In 1044 tire writer found a guyot cantered about 20 miles northwest 
of Bikini and made four KE.^W. profiles across it. During the 
Crossroads Operation the Navy surveyed this guyot, making a number 



Fidvee 14.—BfilatlDiiB b^twem top of a late Fre-CmuJbrlaii aad tlie rol' 

canic cot* of an old Ealoowlc atoll SettUEff of laadlus br nmEHtoQO 

lias deprwed rdlcanle mre of the atoU below tile leTel of upper flat surface of 

KDJUt. 

of JSW.-SEp ^imding traverses over it, so that its outUne and fonn 
are now well kriowTU It a flat upper surface at TOO fathoiug (4^200 
feet) and is separated from the northwestern slope of Bikini by a low 
saddleL 

If die writer’s hypothesis were corneet, that the surface of the guyot 
became submerged in pre*Csmbrian time before the appearance of leef- 
building organisms, how could nearby Bikini Atoll have grown up 
frum a peak which is now deeper, i. e., 5,500 feet below sea level! 
This peak would be more than a thousand feet below the top surface of 
the gii]?ot. It might be supposed that the peak under Bikini comes 
much closer to the surface west of the investigated area, and therefore 
might have been both younger and higher than the adjacent guyot 
surface. Thus it would have been able to support reef-building 
organisms after the guyot was planed off. However, let us disregard 
this possibility for the moment and consider the more fundamental 
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relationships whidi should apply to the depths of gnyot surfaces with 
respect to the depths of atoll cjores. According to the writer-s hypoth* 
esis, the atoll cores should bo younger than the youngest guyot surf acoa 
and should have once project^ sufficiently above these surfaces (closer 
to sea level) so that lune-secretiug organisms would grow upon them. 
Ckinsidering the Bikini results^ it is evident that an old atoll will have 
many thousands of feet of limestone deposited on its core. The muss 
repi^ented by this material is in excess of that which the earth’s 
crust could bear without yielding. Isoststic adjustment will, there¬ 
fore, take place. As a reeult of this adjustment to loadings the peaks 
of the cores of old atolls must necessarily be oonsidcrably deeper than 



FmuttE IB—Sketch abcwlng the elTeeiB bolh of load Inf by llmeaione and of 
aayrometrtcal growth of atoll—more growth to windward toward the 

right fflde of the dlagranL Note that tlie high point of the TOlctmlc fonndatlaa 
a<iw lies hcDeath the lee side of the RtoU and that the fonndatlcui has beesi tflted 
scimewhat by the load. OrerljLnc old ataU sarffices are atoo Ulied but profpieB' 
alrcl^ less as the surface Is approadied. 

the upper surfaces of the youngest guyots, fts illustrated in the accom¬ 
panying diagrams (figs- I3j 14? 15). The settling in the case of 
Bikini from this change might be estimated roughly as perhaps 3^000 
feet 

There was implicit in the original paper a general th^iy of atoll 
development in oceanic areas. Inland arc areas were specifically ruled 
out since they present a very different problem. Much confusion has 
resulted in the past from lumping the two. The theory was close to 
Darwin^s original concept? but substitutes slow rise of sea level by 
partial filling of the ocean basins with sediment for snbsidence of 
undetermined cause. True? there are many reasons why a young 
oceanic volcano should subside, such as ifioststic settling of the load 
represented by the volcano, squeezing out of weak oceanic clays from 
beneath the volcano, consoUdution by crystallization of the magma 
in the chamber beneath the volcano with consequent decrease in 
volume? etc. But all these are comparatively ahort-Hved and could 
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onlv explain subsidence in the e^rly stages rather than the apparent 
long-continued relative subsidence of many oceanic atoll groups. 
While the main mechanism of oceanic atoll formation as envisioned 
by the writer is the slow rise of ocean level, further subsidence of the 
Atoll iscstatically to compensate for loading by the limestone deposited 
is a necessary corollary. It is emphasi^d that this isostatic settling 
must bo a secondary consequence and not a primary factor in atoll 
formation since the settling will always be much less than tlve thick¬ 
ness of the limestone deposited. More rapid reef growth on the wind¬ 
ward side will ultimately result in the eccentric location of the under¬ 
lying volcanic pedestal which is displaced relatively towai’d the lee 
ride. This also causes eccentric loading, as shown in figure 15^, and 
should result in a tilting of the original volcanic core and of old^ now 
deeply buried, atoll surfaces*^ 
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THE BIOLOGY OF BiKIIfl ATOLL, WITH SPECIAL 
KEFEEBNCE TO 'IHE FISHES 
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[Wltb IT plAM] 

The fourth end Jlfth etomk bombs were Mploded over and m 

Bikini lagoon in 1046. A year later in 1047, 
waviii- in Gm tropical breeae, the pandanus was fruitmg, the tacoa or 
® . j._ 1 in Ilia Brtil niwl a new ulatit, the papaya, waa 



hordes of men. a lono nog Ti anaurou , 

crowing on Enyu Island, and the little broaTi rat was 
about at night. Birds Sew overhead and fishes swam m tlie lagoon 

nearly as abundantly as a year ago. 

Along the outer edges of ths reefs in the crashing and foaming surf 
life went on as before. The large purple slato-pencil sea urchin, 
holding their positions by bracing their spines into ctevi^ 
laritics; were everywheie along the Uthothanmum ridge. Farther 
inward on the flat area in broad, shallow doptvisaions wore vast numhere 
of the black sea cucumber, often concentrated by the dozens in pooK 
Ghost crabs, leaving their sandy bur^ws at mght, ran tdong the 
beaches. Their slower relatives, the hermit cra^ along, 

^JrySg heavy snail shells on their backs. On land the nocturnal 
cocoLt^crah came from hiding to feed on the coconut, or the female 
down to the sea, to dip her taU into ^e water, causing thousands 
of e<»es to hatch the moment they weia moistemd. u i j ««(- 

this Uf. eobg 0 . Lorm.!!, “ 

fed » false seoao of security! the atomic iteapon is temble. Iho 
tadialioos emanating from th. iwlopm r«ulU"g TL^ll°Tnta“b 

^ 'ran from aueb a sudden enploamn m-a«l gnmt mormlit, 

oVl- 
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among aquatic Hie; hundreds of dead and dying fish 'vore seen Soating 
in the lagoon waters shortly after and for a few days. Great quan¬ 
tities of oil were released from the stricken ships. It Boated and wns 
driven by the wind onto coral and algal growths, smearing shellfish 
and echinodenuB on the reefs, causing additional mortality of organ- 
isiua in limited areas. 

BIOLOGICAL EXPEDITIONS TO BIKINI 

Under tlie direction of Commander Roger Revelle, U. S. JT. B., and 
Lt. Comdr. Clifford A. Barnes, U. S. C. G. IL, an ezpedititon sailed 
from San Francisco in February 1946 on the U. S'. S. Bcvfditeh^ 
returning to tlie United States in September. Assembled on this ship 
were numerous sdentists representing the fields of biology, oceanog¬ 
raphy, and geology. It was the purpose of this group to map and 
study Bikini Atoll in a thorough manner before tlie explosions so that 
if the atomic bombs caused any profound changes these might be 
detected. As control atolls, extensive biological studies were made nt 
Bougelap, Rongerlk, and Eniwetok in the northern Marshall Islands. 

A second expedition, the Bikini Scientific Ilc.survey, left San Diego 
July 1,1947, on board the U. S. S. ChUtor^ for the purpose of deter¬ 
mining changes that iiad occurred as a result of the Crossroads Opera¬ 
tion of 1946i. This reaurvey, made under the direction of Capt. C. L. 
Engleman, U. S. N., returned on September 11 to San Diego, 

llie biological field work in the northern Marshall Islands consisted 
of making extensive oollections of the flora and fauna, and of taking 
statistical samples of the populations of the marine animals. 

The botanical studies were made by Dr. William R. Taylor, Uni¬ 
versity of Michigan, during 1946. In 1947 the physiology of aquatic 
plants was undertaken by Drs. L. B. Blinks and P. M. Brooks, Stanford 
University, Ca li f ornia. The marine invertebrates were studied by Dr. 
J. P. £. Morrison and F. M. Bayer of the Smithsonian Institution, 
Wasliington, D, C. During July and August 1947, Dr. D. M. Whit¬ 
aker, Stanford University, made special studies on the echinodenns; 
Dr. A. C. Cole, University of Tennessee, on the Insects; and Dr. Bobert 
W. Hiatt, University of Hawaii, on the food of fishes. Dr. AI. W. 
Johnson, Scripps Institution of Oceanography, made extensive col¬ 
lections of plankton, and Dr. D. B. Johnstone, B^ew Jersey Agriculture 
Experimental Station, studied the microbiology of Bikini during 1946. 
The geology of Bikini and other Marshall Islands was studied by 
Dr. Harry S. Ladil, Dr. J. Harlan Johnson, Joshua 1. Tracey, of the 
United States Geological Survey, aided by Dr. John W. Wells, Ohio 
State Universily, and Gordon G. Lill, Office of Naval Besearcli, Geo¬ 
physics Branch. Dr. K. 0. Emery, University of Soatbem Cali fora ia, 
mapped the bottom geology of Bikini, The 2,556-foot deep hole was 
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drilled by tbe G« E. Failing Supply Go., under the direction of the 
geologiGis. 

Tbe study of the eHect of radiation on marine anunals, e&pedally 
dsbea, was made during 1946 and 1947 by tbe UniTeiaily of Washington 
group under tbe direction of Dta. Lauren R> Donaldson and Arthur J. 
Welander, School of Fisheries, Seattle, 

Since fishes represented the group of animals of greatest economic 
importance in and around the atoll, emphasis was placed on them. 
Statistical studies were attempted in 1946 and 1947 with the riew 
of measuring the relative abundance of fishes, those caught by trolling, 
and on tbe reef by other means, llie pelagic kinds—tuna and their 
relatives—^were caught by commercial fishermen, using trolling meth* 
ods. This work was under the immediate supervision of John C, 
Marr and Osgood R. Smith, United States Fish and Wildlife Service. 
Similar population studies were made of the lagoon and reef fishes 
by Yemen E. Brock, director. Division of Fiab and Game, Territory 
of Hawaii, Dr. Earl S. Herald, United States Fish and Wildlife Serv-> 
ice, and Dr. Leonard P. Schultz, curator of fishes iu tbe United States 
National Museum, Smithsonian InstitutioiL Tbe latter and Loren 
P. Woods, curator of fishes, Chicago Natural History Museum, are 
preparing a descriptive catalog of the fishes of the northern Marshall 
Islands. 

BIKINI ATOll. AS A FISH HABITAT 

Bikini Atoll in sliape resembles a bathtub, except that its sides are 
cut through by several deep channels. It is about 22 miles long by 13 
miles wide, inclosing a lagoon whose depth is mostly 180 feet with 
a few areas down to SOD feet. Rising from the lagoon floor are large 
coral heads, a few of which come near the surface, whereas around 
tbe margins of tbo atoll reef are more coral heads that reach the sur¬ 
face. The lagoon floor slopes gradually upward from its deeper ports 
to those areas exposed during tbe low tides. The bottom is composed 
of looae saud, fragments of calcareous algae, and coral remains, on 
which are growing a great variety of sessile invertebrates, aquatic 
algae, and into the roc^ fragments worms burrow. In otherwise un¬ 
used crevices, fishes hide. 


BANDT ABEAS 

Considerable areas adjoining the lim of the atoll in the shallower 
parts of the lagoon are composed of loose sand. In places where this 
sand is continually shifting, no corals occur, but where it remains 
stable smsll isolated ones from a few inches to 2 or 3 feet high occur. 
These areas are somewhat barren of fish life. 

Usually around coral clusters are a few kinds of damsel fishes, one 
or two species of wrasse, scorpion fish, often gobies and blennies. 


304 ANKUAXi REPORT SB2ITEBQNIAN INSTITUTION, 1947 

Sam II schools o£ the blsck-haoded daoisel Osh, DascyUm oruonvc, 
Trhen disturbed, seek shelter in closely branching coral heads. They 
reraained within it while we broke loose from the bottom the entire 
growth in order to carry it ashore. There the coral, with its fish and 
crustacean Inhabitants, was broken into fragments, and its denizens 
were picked up without a single individual escaping. 

Swimming in schools over these broad, sandy stretches are jellow* 
streaked goatfishes, harvest fish, threadfins, jacks, mullets, lizard 
fishes, ^nd porches, and sometimes a few fiatfishes (Botbidae). Cruis¬ 
ing around individually are black-tipped sharks In holes in the 
sand can be seen a species of large goby with a prominent blue streak 
across its cimek. Snake and worm eels burrow in the loose gravel 
and sand of the bottom. Giant tridacna lie on the bottom, with their 
beautifully irid^cent mantles exposed to the dickering sonlJi^t. 

Big sting rays occasionally are seen on the bottom in 10 to 80 feet of 
water. Vernon E. Brock, assisted by I>r. Robert Hiatt, speared one off 
Em an Island in 20 feet of water, while skin diving. The capture of 
this dangerous fish, with its yenomous sting, was a remarkable feat. 
Brock swam down oyer the fish and drove a spear into it, then grabbed 
the end of the spear, puliing the hundred-pound creature toward the 
surface, but had to come up for air, and it went down. Once again 
he tried, and this time with Dr. Hiatt's aid brought it up, aU the time 
keeping away from the lashing tail of the ray. After a desperate 
struggle, it was speared again and finally brought alongside the row* 
boat from which they were operating. It is now preserved in the 
United States National ^luseum along with about 50,000 other fish 
specimens collected during 1046 and 164T in connection with the atom 
bomb experiments. 

CJORAI. AND AinAI. AREAS 

From this somewhot barren sandy habitat, there occur all gradua¬ 
tions in abundance of corat heads with algae up to the stage where 
they are so close together that there is scarcely room to step between 
them. More often the channels between the corals are 3 to 15 feet 
wide, and some reach 36 feet or more in width. This type of habitat 
may occur in the lagoon, in the wide passes, or on the ocean side of 
the atoll rim. 

Where the corals and algal growths are luxuriant, over SOO species 
of fish occur and were regularly captured through the use of rotenone. 
However, during 4 hours* work, the maximum number taken at a 
single station was 136 at Erik Island, Bikini AtolL 

Although the smallest fish known, a fresh-water goby from the 
Philippine Islands, is not found at Bikini, one of its relatives is a 
close rumcr-up. The Philippine goby measured 9 or 10 millimeters 
(thtee-eighths of an inch), whereaa the smallest Bikini fish, the goby 
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EvtotSy when adult and seiually nature was 15 millimeteis or five- 
eighths of an inch long. This contrasts sharply with a 10-foot wide 
manta ray weighing about TOO pounds, taken in passage. The 
largest fish, however, was caught by the commercial iisliemen at 
Bikim in over 40 feet of water. It was a tiger sliark measuring 13 
feet 11 inches loTig, with m estimated weight of considerably over 
half a ton. 

Liring in the branching polyps of the coral Acroporay was the little 
yellowish goby, Gobiodon ci^rinus, which had during July and August 
prepared a nest and laid eg^ In it. Gobipdon cleared ofi a small 
area, three-fouiths of an inch by 2 inches long, at the base of a coral 
branch arising near the center of the colony. On this carefully pre¬ 
pared spot, a thin giowth of green, purplish, or brownish-colored 
algae occurred. 

Aci'opora responded to tlie presence of Gahiodon and formed a 
slightly raised rim aroujid the nesting area. This goby, only about 
an inch long, then deposited a small cluster of eggs in the shallow 
depression and both parents remained to protect their homa Each 
egg was attached to a gelatinous substratum by a short adherive stalk 
with the head of the embryo on tbs opposite end. Among these eggs, 
numbering 100 to 200, was a fine, branching, filamentous red alga. 
ITie oblong eggs were close together but not crowded. 

Another remarkable association between a fish and an invertebrate 
host occurred in this same habitat. On the lagoon floor in a few feet 
of water down to depths of 20 feet or more lives a globular starfish, 
t/ujWfa iwvaegumae, that reachea the size of a man’s head. We found 
in its body cavity, in about half of those investigated, a nearly trans¬ 
parent 6- to 10-inch-long eel-like fish—the pearlfish, Carnput, We 
kept one of them m a jut of water, noticing the very alow rate of 
respiration and its ability to Uve in sea water with a low amount of 
dissolved oxygen. Because Carapits was transparent, the circulation 
of the blood was observed clearly, 

TUVr PAraWESTLiaE AREAS 

The nearly flat pavement like areas on the atoll reef are carpeted 
with a layer of tiny foraminifera and vinelike algal growth, forming 
a mat 1 or 2 inches thick. West of Bikini Island, such a reef is trans- 
versed with numerous “crackB” or sltallow grooves only a few inches 
deep. In other places there arc vast areas incompletely draioed 
during low water, leaving shallow tidal pools only an inch or two 
deep. In these occur a few species of blennies, gobies, and sometimes 
a largo number of the blackish sea cucumber. Wlieiiever these de- 
pr^ions retain about a foot of water, corals begin to grow and the 
animal life increases 
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As the tide rises end the surf bteelts over the lithothamnium ridge, 
then surges several inches deep across this flattened part of the reef, 
great schools of blue-green and dark-red parrot fishes, Icarus, often 
with tlieir backs exposed in the shallow water, move about on the reef, 
grazing like a herd of sheep on the algae growing there. Their tooth 
marks, remaining on the rocks, are easily obaerrod. When the vater 
deepens to a foot, surgeon, needle, trumpet, halfbeaks, damsel, goat- 
fishes, mullet, and dozens of other kinds appear. The black-tipped 
shark, FiUamia mahnoptera^ with its black-tipped fins sometimes 
exposed, cruises around on the reef, too. Although they are speedy 
swimmers, a man with a rubber sling and spear, or with a gun, may 
capture them without difficulty, 

TSOLATZD TIUAL FOOLS A HD SOLUTIOH CHAHiraiS 

Around the shores of certain islands are small tidal pools and solu¬ 
tion channels that are eroded In the UmesUme beach rock. They re¬ 
main more or Jess filled with trater at low tide. These depressions are 
from a few inches to a foot deep, with rounded smooth sides. They 
vary from a few inches to a few feet in width. Some appear as shal¬ 
low pot holes but with the seaward side cut away. On the bottom in 
favorable places were accumulated coral fragments and occasionally 
pieces of beach rock. 

During the period of low tide, several lands of blennies appeared to 
be trapped in the pools. They remained motionless with thetr tails 
curved to one side, then suddenly, when disturbed, would flip through 
the air from one pool to another over die rocky ledges. Their agility 
and speed of traveling over “dry land’* astounds one on his first visit 
to a reef. The young of Suhlia, mullets, and damsel fishes regularly 
remain in these shallow pools. The goby Baihyffohius is a frequent 
inhabitant, too. Hid iu g or trying to hi de among the loose beach rocks 
and in the pools was the black speckled moray eel, Oymnoiihorct^ picta, 
sometimes curled betwe^ black sea cucumbers. As the incoming tide 
rose end refilled the solution channels and pools, the dark-handed 
damsel fish, Alitdefduf neptemfasd&tm^ returned to its favorite habitat 
along the very edge of the beach rock, 

uTBOrnAMifmM Rmoe 

The outer margin of an atoll rim on the ocean side usually consists 
o£ the slightly raised pink to red-colored lithothamnium ridge con¬ 
trasting beautifully with the deep blue ocean beyond. It is dissected 
by rugged surge channels and deep pools often SO feet deep directly 
connected with the ocean. This ridge, creviced and pitted with holes, 
is about ft foot or two higher than the fiat part of the reef farther 
inwftJ'd and vati« in width from 40 to 100 feet. At extremely low 
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tides it is exposed except as the surf crashes over it, then some of the 
water is forced back over the fiat part of the reef, flowing seaward again 
through the surge channels. 

Some of the surge channels, esxteoding for 100 feet or more back into 
the solid reef, are more or less roofed over or with perforations large 
and small through which the water may pour or spout on tlie incoming 
surge of a wave- They are lined with rich green and red algae, blue, 
red. vellow, and green corals, and a host of brilliantly colored fishes 
live in these clear waters. 

The red calcareous algae forming the chief surface growth on this 
ri dge were minutely pitted and creviced. Living among these perfora¬ 
tions were several fishes, characteristic of the area. The little blunts 
headed blenny, Cirripectes^ appeared to favor this habitat, along 
with pseudochromlds, especially Pletiopt. Numerous too was a little 
viviparous orange-colored brotnlid, several kinds of wrasse, eels, and 
small filefishes and puffers. 

In the surge channels were the pempherids, surgeon and butter^ 
and hiding during the day in the dark crevices were the bright 
red soldier or squirrel fishes that come out at night to feed- Inver¬ 
tebrates characteristic along this narrow zone were the slate-pencil 
sea urchins and in the deeper crevices and pools the venomous sea 
urchin with its long, purple, needlelike, poisonous spines- Octopi 
were common, along with several kinds of shrimp and crabs. 

OrSN-WATZB HABITAT 

Contrasted with the atoll lim and its coral-algal growths was the 
open-water habitat of the atoll, in which a great variety of fishes 
thrived that never sought the protection of the reefe. In these waters 
occurred very small fislies, moderate-sized ones, and the giants. Some 
are predaceous — the tunas, jacks, and sharks—whereas others, such 
as the manta and the round herring, lived by feeding on the small 
pelagic organisms in the water. This latter species, 2 or 3 inches 
long, occurs in big schools. It was seen daily near the ships anchored 
in the lagoon. 

Cruising slowly around Bikini lagoon, one saw now and then big 
manta rays. However, in the middle of the broad Enyu channel, 
during XS46 and lf)4T, almost every day one to several occurred nt 
at the surface with the tips of their hroad pectoral fins moving slowly 
up and down. 

To capture one of these giant fish, 10 feet across, required prepara¬ 
tion- A spear, fitted on the end of a long wooden slmft, with lines 
attached, was made. To the spear point w'as fixed about 75 f«t of 
tiller rope lashed to an empty steel drum with the excess rope wound 
around it. This gear was then placed at the bow of a picket boat, 
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in s favorable place for throwing the spcnr the moment a big ra; 
was approached. Standing poised, a mpti cast the spear into the head 
of a big fellow. The pole came out of the spear point, and was hauled 
aboard bv the attached line. The tiller rope unwound from the float¬ 
ing drum as the ray sounded. Then, for nearly half an hour, the big 
manta tired itself out on the floating buoy. Finally, it was killed by 
rifle Are, 

This harmless ray measured 9 feet S inches across and took 8 men to 
haul it up on the deck of the boat. It luis at the front of its head, 
on each side, a long fleshy cephalic lobe, used to direct a current of 
water into its big, almost toothless mouth. This pair of lobes resembles 
the wings of the trawl and served the same purpose. Witliin the 
mouth, along the sides, are very fine-meshed gill mkers, serving to 
strain the planktonic organisms from the sea water that passes in 
the mouth and out the gill openings. The stomach of this big ray 
contained a few quarts of larval crustaceans. 

Another group of fishes, the sharks, attracted attention. Although 
several kinds were encountered, such as tiger, bullhead, and whaler 
sharks, the most common wereblack-ttpped, whJte-tipped (fins), and 
the gray shark. The latter species, not exceeding 7 feet in length, 
outnumbered all the others 

One night in Boro Passage, a picket boat was anchored for the 
purpose of catching sharks. Tuna flsh caught that day by trolling 
along the outer reef and through the passages were passed through 
a small sausage grinder, and the chopped lip meat and blood was 
cast slowly into the channel waters that were flowing outward. Within 
a short time, diarks were chummed to the boat by the presence of 
blood in the water. Then chunks of tuna meat, the sise of a man^s 
fist, were thrown into the water and others placed on big steel hooks. 

The gray sharks struck these baited hooks with greed and speed. 
They jumped fr<jin the water. Several would rush the bait and each 
other as they fed voraciously. At the end of a few hours, 29 sharks 
measuring from It to 7 feet had been successfully landed on the boat, 

USE OF aOTBNONE IN COLIJBCTINO BEEF AND IJIUOON FISHES 

Methods of collecting fishes at Bikini included baited hook and 
line, trolling, spearing, dredging, attr.acting them to a surface light 
at night, and the use of various nets. Tlie most important was the 
use of powdered plant roots to stupefy fishes, and since our methods 
of using it on cor^ reefs are unpublished, tltey are hereiu described. 
Powdered cuW or derris root with 5 percent of rotenone content has 
been used by various ichthyologists for neorly iO years to collect fishes 
for scientific purposes. Dr. Carl H. Eigenmann, during field work 
in South America in 1908, probably was the first jcblhyolo^st to 
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use Tegtstable poisons, although aboriginal natirea in nearly all parts 
of the world have made use of them. Since tJiat time most Americsn 
ichthyologists have used vegetable poisons to collect fishes for scientific 
purposes. Drs, Eigenmann and TV. E. Allen, University of Kentucky, 
describe methods of coUecting fresh-water fishes in their 1043 pub¬ 
lication, ‘‘The Fishes of Western South America.” 

From 1936 to 1938 the author esperimented with tile use of pow¬ 
dered derris root in fresh-watfic streams, and during the second World 
War, with the rotenone extract; the latter, however, did not appear 
to be as effective as the powder. It was not until 1030 that an op¬ 
portunity came to carry on estansive eipcriments. Upon arrival in 
the Pltoenlx Islands, be found practically no enclosed tidal pools, 
the type of habitat in which ichtJiyologists had previously used ro¬ 
tenone poisons in small quantities. The reefs were fiat, pavement- 
like structures, with narrow to wide channels, connected with open 
water, whereas the deepest isolated pools left at low tide were only 
a few inches deep and often locked fish, 

A large variety of fishes could be seen swimming in the channels, 
in the open waters, and even in the ocean surf. These had to be 
collected somehow. After carefully studying the currents and esti¬ 
mating the depth of water, the author attempted tlie use of rotenone 
in the open water among the corals and algae. At the end of July 
1939, after 4 months’ continuous work in various coral-reef habitats, 
methods of using rotenone in open-water situations had been per¬ 
fected and, as a result, over 14,000 eacelleut fish specimens wore 
recovered for the United States National Museum. 

Wlien the author was asked late in 1018 about obtaining samples of 
shallow-water reef fishes at Bikini, Operation Crossroads, for pur¬ 
poses of determining the relative abundance of fishes before and after 
the atomic explosions, he suggested the methods developed in 1939. A 
few months later, during March to August 1946, and again in July 
and August 1947, fishes were collected by the use of rotenone. Differ¬ 
ent techniques were applied depending on the sittiarion. As a result, 
there were taken over 70,000 fish specimens on which ej'stematic and 
populatuoQ studies could ho based. Part of these wore discarded after 
data from them were recorded. 

Thirty-five minutes before the tide reached its lowest point, the dry 
powdered root was placed in buckets or any suitable containers and 
onxed with water to a thick chocolate malted milk consistency, allow¬ 
ing about 20 minutes for one man to mix 25 pounds. By squeezing 
and stirring with tha hands as water was gradually added, the powder 
soon formed a thick mud. Ten minutes before low water, the dis¬ 
tribution of the misture began. The stupefying of a great ^■ariety of 
fishes with rotenone was most successful at the lowest stage of water. 

The success of this operation depended on determining the strength 
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of the currents and depth of water. A Jittle of the miatare was toesed 
into the water and the direction of movement of the small^ light 
brownifili cloudy watched After several such tests, assistants, each 
with a bucket or two of the mud, were stationed in the water and the 
distribution began. Id water 4 to 5 feet deep, with a slow current, 
the mud was thrown out, permitting the little pellets to dissolve as 
they settled toward the bottom, forming a light brownish cloud. 
Twenty-five pounds of the dry powder formed a cloud about 100 to 
150 feet long by 60 to 75 feet wide. It was highly effective if it took 
10 minutes to pass any one point in water above SO* F. When used 
at lower temi^eratures the fishes must be exposed for s longer time. 
Usually a part of a bucket of the mud was reserved to strengthen the 
cloud after it had traveled a few hundred feet. This precaution was 
advisable, since the currents did not always behave as predicted. 

aHAILOW-WATEB REET 

Through experience it was learned which shallow-water habitats 
(to a depth of 10 feet) were suitable for collecting fish with rotenoue. 
An area with an abundant growth of coral heads in about $ to 4 
feet of water, down to 10 feet in pools, with narrow to wide channels 
between the various kinds of corals, and a wind blowing the surface 
water more or less shoreward^ was the most ideal situation. 

Many kinds of fishes in the areas treated floated for a few minutes, 
then sank to the bottom. Some were picked up while they were vio¬ 
lently flwimimng more or Jess in circles. A greater quantity of 
appeared at the surface than were recovered immediately. Those 
that drifted ashore were recovered, but those that got over deep water 
were often lost. 

Immediately after introducing the rotenene, recovery of the fish 
started, but it was inadvisable to enter the area in which the treated 
water would flow, since that drove the unaffected fishes away. As soon 
as the water cleared, those fishes that settled to the bottom were col¬ 
lected. Two or three men continually wandered over the treated 
area, picking up the apecimena in fine-meshed, bobbinet dipnets, 14 
or 16 inch^ in diameter and 25 to 30 Inches deep, with a 4- or 5-foot- 
long, light-weight wooden handle. 

As the water-laden cloud of rotenone drifted onward for a thousand 
feet, it spread out, gradually becouving so diluted that it lost ita effec¬ 
tiveness. When the water appeared oa a light, tan-colored cloud, it 
was most effective since it retained its stupefying properties yet was 
not so much conceDtrated os to be detectable by most ^ea. Sharks, 
apparently able to detect small amounts of the Totenone in the water, 
left tha area until the cloud had passed. They then returned to feed 
on the sick and dead fish, sometimes becoming troublesome. With 
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only one or two 3- to €-foot-loog shnrks feeding on the sick fish, the 
diver can keep watch of them. However, when two or three of Utese 
voracious creatures becanie too bold, a? hup pen ed on one or two oc* 
casiona, the ichthyologists left the water. 

The searching for the demobilized fishes was done by means of n 
face mask isovering eyes and nofse, swim fins on the feet, and a dipiiet. 
With a face mask, both hands were to devote to picking up fish^, 
some of which were rather slippery. .\ carivas glove as an aid for 
holding slippery fish was used on one hand when necessary. Some 
of the fishes affected appeared lifeless, but when touched were found 
to be very much alive and quickly moved away unless caught in the 
dipnet. Those fishes too small to pick up with the finge« were, with 
a little practice, lifted from the bottom by inducing upward currents 
throngli rapid movement of the bands or feet. A fish, thus suspended 
for a few moments, was scooped up in the dipnet. Desirable fishes 
f rccincntly swam into the crevices of the corals and erected their spines, 
making their removal dtflicult. "With clear vision through the face 
mask, these, too, were collected. 

A rubber boat, tied to one of the coral heads, served as a base from 
which to work and w.is an added safety in cose someone ran into 
trouble under the rugged conditions under which we worked. This 
boat held the preserving tank, and other gear. Three good swimmers 
at Bikini picked up enough fish to keep one man busy preserving the 
specimens in the rubber boat. On sliore, one ichthyologist and a Navy 
photographer took over 300 color pictures. 

Those fishes first to be affected by the rotenone were the damsel, 
cardinal, butterfly, surgeon, and puffers; others such as needlefish, 
halfbeaks, goatfishes, gobies, jaclm, tbreadfins, and mullets were a 
little slower in reacting to the treated water. The burrowing fishes, 
nninely, eels, appeared last, probably because it took longer for the 
rotenone to diffuse into their habitats. Fish continued to appear for 
over 6 hours after treatment, and I recovered eels that came out 8 
hours after the cloud had passed their burrow. 

Care was exercised in picking up supixisedly dead spiny fi-shes, and 
especially moray eels, since they may inflict serious woujvds. Scorpion 
fishes, siganids, and other venomous species, even the stinging corals 
and jelly fishes, were treated with reaped. 

The ^ake eels often api^ared with about 6 to 12 inches of their 
head section above the bottom. I grabbed them firmly and quickly, 
then pulled out tijo remaining 8 or 3 feet of their bodies. A light touch 
or a miss when grabbed usually caused tlie eel to withdraw into its 
burrow, and the specimen was lost. 

The rotenone appeared to affect tlie fis;hes by constricting the capth 
laries of the gills, depriving the animals of on adequate oxygen sup- 
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ply, They left tlieir hiding places for mora osygsn, thus esposmg 
themselves under n weatened condition and simplifying their capture. 

Shallow tidal pools that trap fiah at low tide are simple to work, 
but the use of rotenone in the ocean surf on the ocean reef of a coral 
atoll requires special technique. 

Rotenone was used successfully along the lithothamnium ridge iu 
the ocean surf. The “mud” was administered a few minutes after the 
low point of the tidal cycle. An area was selected where pools oc¬ 
curred but which were not completely connected with tlie sur^ chan¬ 
nels. These pools were desirable ns settling basins for the sick and 
dying fishes. The area between two or three surge channels, where 
the waves flow inward across the ridge was the place where we placed 
the rotenone mixture. Big handfuls of the thick mud were thrown 
out as far as possible into the backwash of a wave. The next moment 
the oncoming breaker churned the water into foam and carried the 
water-laden cloud of rotenone inward., spreading it over the area and 
into the numerous crevices j then it flowed out the surge channels. 
Soon the rotenone cloud was distributed along the ocean edge of the 
reef, and some was brought back sgain over the lithothamnium ridge. 
The continual surging inward of the water brought in the sick fisli. 
Men wera stationed along the surge channels to take Ashes that were 
lying swept out to sea and perhaps lost. After the pools and channels 
clca^d, the bottoms were searched for fishes by tlie akin divers. 

The use of a face mask in skin diving and swimming enables one 
to see clearly for 50 to 100 feet in the lagoon and ocean waters. Look¬ 
ing down in the surge channels between the corals, one sees a gorgeous 
display, a colorful marine garden of coral algae and fishes. Some of 
the corals are fsn-ahaped, others resemble the antlers of deer. They 
are blue, bright green, red, brown, yellow, and purple, contrasting 
with the white foruminiferal sand of Uie bottom. 

The light from the tropical sun flickers down into these enchanted 
caverns, Ailed with the blue sea. The trembling elmfts of iigJit illum¬ 
inate the green, brown, and red algae, waving in the dim light, Fan¬ 
tastically shaped fishes, os if from another 'ivorld, dart about, reflect¬ 
ing their weird color combinations of brilliant blues and sapphires, 
greens, and yellows, red or scarlet, and with black and white markings 
contrasting sharply. Some have big red spots, others sapphire-blue 
bars and daasfling yellow and crimson stripes. 

Butterfly, damsel, surgeon fishes and wrasse laxily swim about in the 
aquatic caverns and channels, but the moment a large predaceous fish 
appears they seek protection, disappearing there, reappearing here, 
among the coml growths. Some swim os easily sideways and upside 
down as in a vertical position. The view of this gorgeous marine 
garden fades away into nothingness a hundred feet or more below. 
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DESP-WaTEH tTBH OF EOTENOTTB 

Vernon E, Brock and Dr. Earl S, Herald, two ichthyologists who 
are eJtccUent swim mors and akin divera, successfully carried on scf* 
oral deep-water poisonings of fishes with powdered cube root. They 
mixed in the usual nmnner about 35 pounds of the substance, then 
placed 6 to 10 pounds of tbe “mud” in desert water bags. Equipped 
with standard U. S. Nary shallow-water diving outfits, Brock and 
Herald took the rotenone to the bottom, distributing it around coral 
growtlis. Down below with the usual dipnets, they racoTered fisties, 
bringing them to a man at the surface, who preserved the specimens. 
This deep-water work wos necessary to obtain a more complete pic¬ 
ture of the fish fauna of Bikini and the change in kinds of fishes at 
various depths in the lagoon. Several fish species occurring over the 
shallower parts of the reefs normally are not found at depths below 
10 or 20 feet, whereas some kinds below that depth are not taken 
near the surface, 

coLUBcrnsG with a liqht at moht 

A bright light suspended from a small ship at night at the surface 
of the sea attracts to it myriads of nocturnal organisms—crustaceans, 
worms, squid, octopi, and numerous species of fishes. Sil versides, small 
wrasse, round herring, the pelagic stages of goatfishes, surgeon fishes, 
puffers, lizard and file fishes dart in and out of the field of iUumiiui- 
tion. Barge flying fishes, a foot or two long, come swimming or flying 
toward the light at night, Down below a few feet, larger predaceous 
fishes can be seen rushing about feeding on the abundant animal life. 
Eager collectors gathered above this light on a platform, and with 
fine-meshed dipnets scooped up the animals, preserving them for 
future study. 

Several kinds of fishes and invertebrates taken around the light were 
never collected by any other means at Bikini, 

tratllERWATER TELEVISION 

At Bikini in 1W7 I saw demonstrated the 2favy‘s new underwater 
television, prepared and operated by the Cornell Aeronautical Labora¬ 
tory, Buffalo, N. Y. The camera end of this remarkable devise was 
set up on the deck of the siuiken submarine, Apoyon, in 160 feet of 
water. It was sufficiently sens) tlve to daylight togivedearand precise 
images on the screen in the control and observation room of the U. S. S. 

Tlie color patterns of fishes were portrayed in pale greenish 
light with dlstinctnesa as they swam in front of the lena 1 identified 
with ease two species of pigfish (ZeMWntts), the trumpet fish {/’isfo- 
laria), a jack (Guranx), the moorish idol {Zanclua), and Stgontia 
j)Wu;tatiia. 
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Tlua appamtus opens up new fields of investigation in the study of 
aquatic uiiioials in tlieir imtutai habitats. Scientists and laymen who 
wish to study aniiita] behavior will be able to do so noiiv w'lthout the 
dangers of deep-water diving. The applications of underwater tele¬ 
vision to biological research Is of the same magnitude of impoi'tuncxt 
as the discovery and first use of the microscope. 

BIKINI'S niOWKJT. PAST AND FlTTl'IlB 

Bikini's ecology was disturbed, not only througb the atom bomb ea- 
plosions, but by the presence during the Crossroads Operation of a 
great annada of ships, with about 45,000 men, dumping garbage and 
debris into the lagoon waters. This, together with the blasting of 
coral heads in preparation for the great anchorage, made the water 
turbid and increased the sedimentation In certain areas. During 
March and April 1046, corals could be seen at a depth of 120 feet at 
midday, but during July of both 1946 and 194T coral heads were 
scarcely visible at depths of 35 feet ofi Bikini Island. These changes 
appear to have been confined to the eastern end northern reefs off 
Bikini Island in the lagoon, whereas the soutltem and western reefs 
showed little change, lire water there was as clear as in the early 
part of 1046. 

Ofjen ocean waters are relatively barren. Organic matter and dis¬ 
solved nutriments in tlie sea are very slight. An atoU, however, is a 
very rich ares of living plants and organisms. It is an <»si6 in an 
aquatic desert. Its I'eefs support luxuriant growClis of algae, coral, 
and vast numbers of animals. This ricliness results from the conser¬ 
vation of organic matter by the living forms. 

Organic matter is not lost in tlie complicated food chains of the 
living organisms, lliey may die in the lagoon waters, hut are imme- 
diatelv devoured by the sea vengersi—crabs, lobsters, shellluli, fishes, 
worms, coclenterates, and cchinoderms—which in turn are eaten by 
pivdaceous animals. Plant life is consumed by the vegetable-eating 
fishes and other ci'eatuiics. Coral polyps ere fed upon by certalti file 
fishes, wliereasi p a rret fishes sc rape a Igne off t he corals. Even throu gli 
the death of a lO-ton sliark or mania ray, the organic matter is not 
lost. It appears in the form of tiny organisms such as bacteria, worms, 
and crustaceans. These in turn form the plankton—the chief food of 
numerous Gi-hes. Thus tlie atoll bectmies a great storehouse or reser¬ 
voir of living organisms competing for every hit of nourislunent. 

Tlie aquatic plants e.vtract carbon dioxide from tlic sea water. Both 
plants and animals deposit calcium carbonate in building their cal¬ 
careous skeleton^, which remain after rlcath. Tlie organic matter is 
re-used by tbe living, and the skeletons of the dead remain to build 
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up the solid rocky atoll, leaving Bcareely a trace of I be animal proteins 
in the limestone reefs or in the bottom deposits of the lagoon floor. 

The antiquity of such on isolated atoU must be very great to have 
accuniiitated thmugh the eons of time such & ti-emendons variety of 
animals and plants—to have deposited nearly two miles of anunol and 
plant remains on top of a volcanic mountain top. 

The distribution of this great variety of animal life that now lives 
at Bikini and on other isolated atolls must have been accomplished 
through pelagic stages—fi’ee-floa ting eggs and larvae— across vast 
stretches of tiie open ocean. Fishes that build nests in the corals and 
are without such a means of dispersal from one atoll to another, or 
from island group to island group, have in many instances differen¬ 
tiated sufficiently from their neighboring allies to be nscognioed as dis¬ 
tinct species. Those with pelagic stages usually are distributed ex¬ 
tensively, some ranging from Eiister Island to the Red Sea, There 
apparently has been enough interchange of individuals to keep each 
of these widely ranging forms breeding os a single species. 

ITiat Bikini and the northern Marshall Islands have some endemic 
species of fishes is highly probable. Our I’ecent ichthyological investi- 
gatioDs indicate that in about one-third of the fish families studied, one 
or two new or jirevLoiisly unknown species occur. These are being 
described along with every other kind of fish from Bikini, and the 
publication of tins material should make it possible to detect in 
the future any anatomical changes that might be induced by the 
Crossixiads experiments. 

The mystery of the biologiia! changes resulting fi-om radiation are 
little known. In that great natural laboratory, they are difficult to 
observe and more difficult to measure. The time is too short since Able 
and Baker Daj's for the nuliution to have caused observable anatomical 
changes in the animals, if any have occurred. Undoubtedly, alpha, 
beta, and gamma rays will be emitted for years to come, and how those 
ra)-s will affect the somatic and genetic cells of the organisms at Bi¬ 
kini i.s yet to be discovered. Undoubtedly there has been and will be 
sterilization of sex cells and the dostI'liction of red blood cells, neo¬ 
plastic growths may form, and possibly mutations will appear. 

Ativ organism that changes morjihologically to any extent may not 
be adapted to compete in tlie continuous struggle for existence, or if 
weakened by the fission products, may have little chance of survival 
in the keen competition that exists. These unfit animals soon fonn 
part of the food chain in the intense struggle of life. The carnivorous 
fishes, feeding on the algid eaters that fed on contaminated algae, ore 
ill turn exptiised to the i!rOty'[)e3 and their radiations. Thus, during 
the course of a few years, nearly every lagoon fish may be expiated to 
have been subjected to the radiation effects, at least in a small way, of 
the atomic bomb. 
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Undoubtedly, countless animal individtiato have perished at Bikini 
because of the atomic bomb esperiments and still others may perish. 
But this destruction of life in a largo atoll like Bildni amounts to 
only an extremely small percentage of the total animal life. The over* 
all picture of life on the rcefe bus changed little because beneath this 
surface layer, and from extensive adjoining unaiTected areas, indi¬ 
viduals have oome forth to repopulate and occupy the reefs. The pres¬ 
sure of population from all sides into the damaged areas is veiy great 
and soon replaces the losses* Thus nature begins the repopulation 
cycle, and, if given sufficient time, the wounded reefs will be cleansed 
of their contamination, biolo^cal equilibrium will be reached, and life 
will establish itself as in past millenniums—similar to that before man 
released the greatest destructive force in his history. 
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Of all the many pcDblems which bats set fof the inquiring naturalist, 
none has been more pulling than that presented by tlieir flight at 
night: the way in which they catch the uiBccts upon which most of 
them feed (in the case of British bats, upon which all of them feed) 
without colliding with objects in their path- The flight of bats is rapid 
and the course erratic, frequently through thick woods or the narrow 
winding passages of cstcs, often in total darkness. It has always 
seemed unlikely that animals with such small eyes could sec well enough 
in the dark to fly in such surroundings without niishap. Many espen- 
ments have been tried with captive bats to Uemonstrate their ability 
to avoid obstacles which they could not see. Toward tlve end of the 
eighteenth century the Italian scientist, Lazzaro S[3allanzani, found 
that bats which he had blinded could fly about a room, avoiding the 
walls, the furniture, and silken llirends stretched across their path. 
A Swiss scientist, I^ouis Jurine, confirmed this and made the addi' 
tional discovery that bats lost their ability to avoid obstacles when 
their hearing was interfered with. Cuvier poured scorn on Uicse 
findings, and they were forgotten fora centtir)- and a half. All that 
was remembered was that a blinded bat could fly perfectly surely. 
But the uncanny ability remained, and all sorts of theories were ad¬ 
vanced to account for it. It was suggested, for example, that bats were 
very sensitive to changes in atmospheric pressure. 

Then, in 1920, Professor Hartridge suggested that bats when flying 
in the dark were probably able to ascertain the position of ohstnclea by 
means of supetsonic sounds emitted by the animals nnd raflected to 
their ears. Twenty years later, after the development of radar as an 
operational sj-stem, Griffin and Galambos working in America were 
able to prove him correct. 

Both radnif and sonar are, of founded on tb^ siime fact, 

namely, that if a short burst of energy is ^nt out and the time taken 
for the echo to come back is noted, then, if the speed at wliich the 
energy travels is known, the distance of tlio object can be accurately 
calculated, iloreovar, by sending the energy dowu a narrow beam 
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the bearing af the objeei can l)e accnrutely determined, lii radar tlie 
energy used is in tl^o form of electromagnetic WEivesj in sonar (ilia 
method by which the depth of water is measured) ordinary sound 
wares are used. In their direction-hndJng bats use not audible sound 
waves j but, as Hart ridge suggested and as Griffin and Gabmbos Imve 
proved, supersonic waves. The range of frequencies that a normal 
human being can hear is from about IG vibrations a second to about BO,- 
000 a second. Middle C is 256 vibrations a second. The range of fre¬ 
quency of the sm)ersonic waves used by bats is from about 25j000 to 
70,000 a second^ and is thus mostly above the limit of human hearing. 

Griffin and Galombc^ began their work by confirming that blind¬ 
folded bats are able to By surely* They then confirmed J urine’s dis¬ 
covery that If the hearing of a bat is impaired it is unable to avoid 
obstacles when flying. Indeed, they found that a bat with both eara 
covered is most reluctant to take wing at all, but that a bat with one 
ear covered will fly with mcwlerate success, though it will be unable 
to avoid all obstacles. These simple experiments indicated that bate 
are made owara of the position of obstacles which they cannot see by 
means of sound weaves reflected from them. They then covered the 
noses and mautlis of their bats, but left the ears uncovered, and found 
that again the animals were unable to fly wiib certainty* They thus 
proved that tlie sound waves reflected by objects must be pixKiuced by 
the vocal apparatus of the hats themselves. 

Their further e.xperiments were conducted with the aid of an elec¬ 
tronic apparatus known iis a supersonic analyzer. This consists essen¬ 
tially of a microphono sensitive to supei'soiiic vibrations, a magnifier 
which amplities them and converts them to vibrations of a lower 
frequency, find a recorder which traces a graph on paper when super¬ 
sonic sounds are receiveiL The ansilyzer measures the frequency of 
any supersonic vibi-ations it may pick up. By means of this instru¬ 
ment it waj& discovered that bats make superiionic sounds at frequent 
intervals almost all the time* The frequency of the vjbmtions varies, 
of ootirse, but St Is most usually about 50,000 a second, and at this pitch 
each squeak last^ for a little Icsa than one two-hundredlh of a second* 

Now, it is evident that the moi^ frequently squeaks aie emitted the 
fuller the information received. Il Im been proved that a bat at rest 
eiints a supersonic squeak about 10 times a aecondt but that as soon as 
it takes wing the rate goes up to about 20 a second. That was to be 
expected, since a bat on the wfing obviously needs more information 
than a bat at rest. Grillin and Galamhoa further found that the closer 
a hat approached an obstacle the foster became tlie rate of squeaks, 
rising to 50 and sometimes even to 60 a second, and dropping to normal 
as Eoon as the obstacle was passed* The mto of squeak is, of course, 
governed by the distance from the object, for there must be time for 
the echo to come back before the next squeak is sent out 
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The supersonic tone is not the only sound produced by batSi In 
addition to the aupersonic squeak, which cannot be heard by human 
beings, they produce three other kinds soundJ {1) The ordinary 

voice, which is the flight call, and which Hartridge has named the 
signaling tone; (2) a buan, which is audible if one is quite close to the 
animal; and (3) a click, which ie usually audible at a distance of 
several feet. I am not competent to say whether the bu2z differs In 
any way with the species; it sounds exactly the same to me whether 
emitted by a serotine (Eptetkiis aerotinm) or a pipistrelle {Piptstw- 
lu« pipMtrellw :), nor can I distinguish any difference between the ditto 
emitted by the different species. The flight calls* however, are quite 
distinct. It is possible to distinguish between the species on the wing 
bv moans of their flight calls (it is also possible with practice to dis¬ 
tinguish between the types of flight), and I hare elsewlmre attemp 
to translate the differences between the calls of the various species to 
paper* It has been shown that the buxz and the click are accompanied 
by the aupei’sonic tone. In the case of the click there is a single short 
hurst of supersonic energy, but in the cose of the buzz there is a oon- 
tinuons evolution of the interrupted supersonic tone. The flight call, 
however, may be pnxluced by itself or it may be accompamed by the 
supersonic tone. Some bate, notably the lesser horseshoe {RhtTto- 
I&pkua hippoaideri/a), have a considerable vocabala^ of orthnaiy 
sounds, whereas others, notably the whiskered {Myotta 
scarcely ever make a sound of this sort. I h.'ive never heard the whisk¬ 
ered utter a sound on the wing, and of the many I have kept in captivity 
only a few have uttered faint grunts, and those very occasionally, when 

How these four different types of sound are placed is not yet 
clrar, but examination of the vocal organs of bate shows that they are 
very different from those of other ammals. m larynx, 
most animals is built of cartilage, in bate is made of bone and is 
parntivcly a massive structure with large and powerful mu^lei Th 
Strength of the hat's larynx and ite small size are 
adapted to the production of supe^ntc sounds, for th^ “Jf. J® 

tremendous energy in the supersonic fildTiAricv 

audible squeaks, The higher the note and the greater the frequency, 

the greater the energy. , ..Ju-oi-iAna 

Though it U not yet known exactly how the supersonic vibratioi^ 

are produced, it is known how the bat avoids hea^ tto ^u»t It 
is, of course, essential that only the echo 

The same difficulty had to be overcome m ra^r transmisaiom Ih 
order to ensure that only the edio is picked up by the rereiver, this m 
suppressed while the transmitter sends* Somethmg of 
happens in the bat when emitting the su^rsmut* tone. G ^ 
Gal^bos foimd that while the squeak is being made a muscle m the 
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ear contract niomentarily, shutting off tha squeaky and permitting 
only the echo to be heard. 

Bats are not the only creatures with the power of echo-location. The 
tapping of Blind Pew’s stick is an example of the same process, and 
many blind biunan beings develop what appears to be an uncanny 
ability to move about without striking obstacles. Nor are bats the 
only creatures able to hear supersonic vibrations: dogs, for example, 
are often trained on the Galton whistle. But so far as is known at 
present bats are the only creatures that emit supersonic vibrations 
and guide themselves by the reflections. This important discovery, 
however, still leaves unanswered many questions about the behavior 
of bats, and, as is the way with important discoveries, poses a number 
of fresh problems. 

Invariably the first question that is naked is t Why do not the bats 
become con^sed between tlie echoes from their own squeaks and the 
echoes from the squeaks of their neighbors? It might be thought 
that with a large number of beta of Ui« same species together in a cave 
or in the roof of a church, and all uttering supersonic squeaks, con¬ 
fusion would be inevitable. But it must be remembered that super¬ 
sonic squeaks do not travel far, for their energy is quickly dissipatetl 
in the air. It has been shown that the supersonic squeaks of bats 
travel only about 15 feet, and that they are able to give a useful echo 
only up to about 13 feet. In other words, provided that the bats are 
not crammed dose together, tliere is very little likelihood of confusion. 
But, as everyone witli any field experience of bats knows, they very 
often are crammed dose together, yet tlvere is no confusion, It seems 
evident that there is a difference in the frequency of the vibrations 
made by each bat, A very slight difference in frequency would be 
sufficient to enable each bat to recognise its own voice. 

There remain a number of problems to which no answer has yet 
been given. First, do bats emit the stipersonic squeak through the 
mouth or the nose, or both? All the British bats are insect eaters, 
and all, with the possible exception of the barbastdle (BarbasteSa 
barhastsllua), habitually fly with their mouths open. Furthermore, 
all the British bats capture their prey while in flight, nnd most of tliem 
take flying insects. What happens w-iicn the bat doses its moutli on 
catching an insect? Does echo-location cease (in wliicii case the bat 
must fly blind) or docs its continue through the nose? We do not 
know. In the greater horseshoe (lihinolophni fermm^eg^titium «i- 
9»lans) the epiglottis does not open into the back of the mouth as in 
most animals, but is projected up into the roof of the mouth, fitting 
into the rear opening of the nasal passages. It is not fixed in this 
podtion, and can probably be withdrawn, but the amingemcut suggests 
that the supersonic squeaks, in the Bhinolophidae at any rate, are 
emitted through the nose, and this suggestion receives additional 
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support from the extraordinary skin developmeut on tlie muzzlea of 
these bats* While the purposa of this appendage^ which in some species 
attains an astonishing complexity, is not known, it has been sugge^Eed 
that it is concerned with directing the squeak into a narrow beam so 
that the bat's knowledge of its position is greatly increasecL Be that 
as it ma}", I have no doubt from long personal observation that the 
horseshoes have a much finer appreciation of position than other 
British bats, and especially is this so in the cose of the greater horse* 
shoe. Indeed, this species is quite uncanny in its judgment of distance. 
Bats normally hang head downwax-dj biispended by the toes* It is the 
usual practice for baU to land head upward and then to shuffle roniid 
until tliey can get a grip with the foes, but the greater horseshoe is 
accustomed to turning a aomcrsaiilt in the air and gripping straight¬ 
way witJx the toes, landing, in other words, in the head-downxvard 
position* Very rarely indeed have I seen a bat miss its hold, and there 
appeitrs to be no slackening of speed a3 the resting-place is approached* 
Some of my captive greater horseshoess used to sleep under ii sideboard, 
and when they were hanging there was little more than a couple of 
inclie$ clearance from the floor, yet they would fly under the sideboard, 
turn their somersaults with abilute certainty, and hang by tiie tot?s- 
And many^ many times have I watched this acrobatic performance 
when tliey have been banging from picture rails and so forth* 

There is a marked difference in the structure of the ear in^ the 
Bhinolophidac and in liio Yespertilionidae^ In the former tho pinna 
is comparatively simple in build, but in the bats without nosc-lcaves 
the eat is a much more complex structure, chaructcriKed by a great 
development of a lobe known os the tragus* This is esj^ially well 
seen in the long-eared afmVttf), in which species it stan^ 

up like a second pinna* It has been suggested tliat the tragus is in 
some xvay connected with echo-location, and the fact that tlie bats 
with nose-1 OBvea have no tragus while the bats with the tragus have 
no nose-leaves is surely significant. It would appear tlmt the two 
<levelopments must in some way perform similar function^ 

It is, I think, noteworthy that the long-cared, in which there is 
such a marked developmen^t of the tragus, is in comparison with 
other bats of the same group a master of flight in confined quarters* 
Most bats, when flying to tlxeir feeding grounds, do so at a consider¬ 
able height; the long-eaivMJ does fio very close to the ground, ott^ at a 
height of no more than a few inches, and the flight is fast, direct, 
and confident. Furthermore, the long-eared captures comparatively 
few inse<'ts in flight, preferring to pick them off the ls?av^ of bushes 
and tree?!* a habit which entails the nicest judgment of distance. 

Two other British bats, Natterer's fu^Uereri) md the 

whiskered {M. , have the habit of picking their prey 
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from foliage rather than takiog it in flight, Natterer’s ia fairly im- 
partial^ but the whiskered rery mrely captures a flying insect, pre¬ 
ferring to search the hedgerows and fences^ especially for spiders, 
of which it is inordinately fond. Both species have a weil-deTeloped 
traguB, and in both, but more particularly in Natterer^s, there is a 
marked deyelopment of the glandular pads on the face. 

How bats find their prey is a mystery that has not yet been solyed- 
It certain that they cannot find it by sight, and there does not seem 
to be any evidence that their powera of scent are particularly acute. 
How, then* does the noctule nochda), flying high and fast* 

find its prey f If yon throw a pe-bble into the air beiieaih a hawking 
noctule, tlie bat will dive on to it, swerying away from it at the very 
lost moment without touching it. Attach a fly to a long line and 
make casts into the sir while bats are hawking and you will have 
them diving at the fly, but it is very unlikely that you wiU catch one* 
Danbenton^s bat dmiientonii) is sometimes caught on the 

flies of anglers, but almost always by the wing. I do not tliink that 
there 1ms been a single instance of the bat being caught by the mouth* 
which suggests that at the last moment (but too late to avoid con¬ 
tact altogether) it has realised its mistake. All diis suggests that 
the Eiipersonio squeak sends back an echo from ai^ything flying into 
or across the path, but it does not explain how the bat knows that 
that something is worth investigating. Yet I have never iseen one 
bat dive at another, even when thei^e have been many flying at random 
in a confined area. Nor does it explain hoiv the long-eared and the 
whiskered know that there is an insect or a spider on what their 
echo-location must have told them is an obstacle to avoid* Yet in a 
long experience of whiskered bat«^ I have not seen one hit a fence or 
make fruitless visits along a hedge* 

One would be inclined to say that the supersonic tone was even more 
selective than we know' it lo be were it not for certain things that 
field experience has brought to notice. I have seen bats of diSerent 
species collide in mid-air—on one occasion a noctule with a serotine 
(and both animals were killed), and on another occaaion a pipi¬ 
strelle with a bnrbastelle (when the pipistreUe was killed). These 
accidents happened during the evening hawking^ and one can only 
suppose that at the time ^o location had stopped, pc^ibly because 
both animab had captured insects and their mouths were Closed- 
Field experience shows too that there are times when echo-location 
does not function at all* 1 have caught many bats by netting their 
dens of a aummor night* At one time, anxious to discover whetlier 
bats flew at night or not—it was at that time thought that they bad an 
evening and a morning flight only—I made a number of all-night 
watches at dens of noctule, whiskered, pipistrelle, serotine, and Katter- 
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eir\ and, after the bats had left the hole for the erening flighty oetted 
the ejitraoce. 1 caogbt many beta (and at ahuc^ all hours of the 
night) in the nets, try lug to get back to the holes. At that time nothing 
was known about supersonic TibratioiiB in connection with bats^ and 1 
did not think that there was anything odd about it. But in the sum¬ 
mer of 104Sj realiEing that the supcrsouio tone should have warned 
them of an obstruction^ I repeated the process at dens of moctulei 
whiskered^ Daubenton^a, and serotinej with the same result. The bata 
appeared to be quite unaware that there was an obstruction and dow 
straight into the nets. Later X coveted the entrance hole to a nootule 
den with thick brown paper, and even this did not seem to be indicated 
to the bats, which flew straight into it. Before returning to their 
den noctulea fly around the tree and iu and out among tl^e branches 
with never a false movement, yet they ai^ unaware of an obstruction at 
the very entrance to their sleeping quarters. It seems evident that 
echo-location, for some reason, is shut off at that moment. 

On the other hand, it seems to operate to some extent during hi her- 
nation* Everyone who has entered a hibornacuJum of bats must have 
noticed the tremor that goes through the sleeping creatures at the first 
presence of a atranger. They are asleep, and incapable of movement, 
but there can be no doidit at all that they are aware. 
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MOLLUSKS AND MEDICINE IN WOBIJ) WAB 11 


Bv l\. TtroKEa Abbott 
€uratcir, DMi(on of ifolfuilttp 
United maf£i 2fafiWil Museum 


[With S ptKixfl] 

When American troops of MkcArthur*s Sixth Army landed on 
eastern shores of Lcjte Island to begin the liberation of the Philippine 
Islands, tliev were committing themselves not only to a bitter tnUitarj 
struggle but also to one of the strangest of the many medical battles 
of the Pacific campaign. Within a week our troops had fanned out 
over an areit i^hich is highly infectious with a fatal snail fever or 
blood'fluke disease known at that time to only a comparatively small 
number of tropical-disease experts^ Up through Glotn^tcr^ Finach- 
bafen, and Hollandia many of the men had come, fighting Japs with 
& rifle in one hand, warding off malaria with a yellow atabrine pill in 
the other. Here on Leyte the malaria mosquito was almost unknown, 
but in its place was a tiny fresh-water snail carrying and spread! ug a 
parasitic diseiiso which, if left untreated, led to e^remo enlargement 
of the U ver, and usually ended in the de-atli of the victim. 

Cliaracteristically, the disease did not manitet iUelf among the 
troope for a number of weeks. Then on Sew Years Day at an evacua^ 
tion hospital in the town of Palo the first & tniUtary were dis¬ 
covered. A n intensive survey of our personnel was immedi ately begun, 
and the fears of the Army doctors were confirmed by the discovery of 
973 ciises. Before the epidemic could be brought under control, over 
1,700 Army and 17 Kavy men Imd been stricken by the blood-fluke 
disease, schistosomiasis. 

NATOHIi OF THE DISEASE 

“Schisto,” as the disease became familiarly kru^wn ™ong the troo^ 
is caused by a parasitic trematode worm which lodgw itself ia the blood 
Tessels of the liver and the mesenteric vessels of the mammalian host. 
The adult male is about a half inch in length with a large groove along 
its imderside in which the slender and slightly longer female rests 
during most of her mature life. Each fluke has two round suckers at 
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th« head end, one for holding to the walls of the blood vessel, the other 
for ingesting blood ceUs. The greatest damage to the host, however, 
does not come from the small loss of blood or the obstruction caused 
by the worm, but rather from the vast number of tiny, spined eggs 
being constantly liberated by the female. A large proportion of the 
e^ are carried to the liver by the blood stream, and as protective 
encystment takes place, hepatic congestion or liver blockage develops. 
Ultimately, with mcressing deposition of eggs and the introduction of 
toxins given of by the adult flukes, the liver becomes a gigantic mass 
of scar tissue. Accompanying symptoms are daily fever, extreme 
weakness, diaiThea, loss of appetite and weight, emaciation, and, in 
untreated cases, death from exhaustion. 

A number of the eggs laid by females in the mesenteric blood vesdeis 
work themselves through the intestinal wall and pass out into the 
open, thus permitting the life cycle of the worm to continue. The 
eggs must reach fresh water directly or be rain-washed within a day 
or so to a nearby creek. Tliere, the eggs break open to liberate a 
minute, free-swimming mJracidium. Unless this microscopic larval 
form can reach an Oncomslania snail within 35 hours it will die. The 
miracidium will swim rapidly through the water in erratic and un¬ 
directed courses until by chance it passes within a few inches of an 
Onoomelania snail. At that moment, it turns and takes a straight 
course to the mollusk and plunges its head into the flesh of the snail. 
In a matter of a few minutes it will have bored itself through the skin. 
In time, tlie tiny invader burrows to the livcrlike digi^ive gland 
of the snail, and there, during S weeks of complicated transformation, 
multiplies into hundreds of small, fork-tailed cercariae. The more 
miracidia that invade a single snaU, the greater will be the production 
of cercariae; in heavy infections, the reproductive ability of the 
molluscan host will be impaired. 

It was this fork-tailed cercaria that infected our troops. Duritig 
tile early hours of morning thousands are shed from the ruptured 
tissues of the Oncomelanls snails. Invisible to the naked eye, they 
lie on the quiet surface of the creeks and marsh waters aud await the 
first person that comes to bathe or swim. Cercaria 1 penetration of the 
skin is painless aud often goes unnoticed, although occasionally in 
heavy infections an itchy rash or cercaria! dermatitis is produced. 

Two to three months may pass before the victim shows any dis¬ 
tressing symptoms of the disease^ During this incubation period the 
larval worms will have migrated from the small blood vessels and 
lymphatics to the heart through the venous system and will have 
reached the lungs;. From here, the maturing worms penetrate through 
the tissues to the vessels near the liver, pair up in sexes, and begin their 
deadly production of eggs. 
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CAIIPAIQN AGAINST THE DJ£BA.S££ 

rortUDiitely, two mcdioal ynits CApablft of temporarily copbg 
with the memice were Btationed on Leyte when the schisto- 

^mioais outbreak occurred. Combined medicQl guns were opened 
on the problem by the Fifth Malaria Stirvey Detachment under Jlaj. 
AI. S. Ferguson and the Army Medical Hesearch Unit under Maj. 
F* B. Bang. Both oflicers were on military leave from the HockefeUer 
Institute for Aledical Research. The method of treatment for the 
disease by the injection of an antimony drug called fuadiii had been 
mther well worked out by previous workers, so that the immediate and 
most important problem became one of preventive medicine—how to 
keep our men from catching the disease. This involved a laborious 
survey of military personned and natives in the endemic arca^ a search 
for waters inhabited by the deadly snaili and the introduction of a 
rigorous educational program among the troops. Signs blossomed 
out over the entire area wherever infectious waters were located. 
Slogans of "^Danger I Snail fever! Keep out of this river," “Schisto 
and death here! Don't swim in these waters" became the roadside 
counterpart to the “Come to Smithes Beach. Excellent swimming^" 
billboards at home. 

The Army and Xavy, however, were as mudi interested in a thorough 
research attack on the problem aa they were in an immediate solution 
of the Le\"te situation. They wanted to be prepared for similar epi- 
demica if and when we sent troops into the highly endemic areas of 
China's Tangt^ Valley and the Japanese home islands. The Army 
sent oat to the Philippines^ and later Japan, the Commission on 
Schistosomiasis, headed at first by Dr* Ernest Carroll Faust, schisto- 
somJasis specialist, and later under the direction of Dr. Williand H. 
Wright, expert on public health mattere and chief of the Division of 
Tropical Diseases at the Xntional Institute of Health- From Commo^ 
dore Tltomae Rivers* unit on Guam, the Navy dispatclted two doctors 
and a ^ail specialist* The us© of the latter, a mollusk man, repre¬ 
sented the first time that a military organisation hod employed a 
malacologist for snail research. 

Long after the lost of the schistosomiasis cases among our men had 
been reported and successfully treated, this group of scientists were 
contin uin g their research. The Army group went on to Japan and 
the Navy tmm was sent into China, Our knowled^ of the distribu¬ 
tion^ habits^ life cycle, methods of survey imd identification, and con¬ 
trol of the schisto-cariying suail was increased tenfold. Successful 
FepelleulB and protective clothing were developed. Substantial ad¬ 
vancements were made in chemotherapy and methods of surveying 
for the diaense* 
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ROLE or THE SNAn, 

The key to lastiag preventive measures against the blood-Suke dis¬ 
ease is the elimination of the moUusk, for without this one kind of 
snail the disease eon Id not eontinue to exist Of the several hundred 
species of fresh-water mollusks living in the PhilippineSi only the 
OncomelanJa snail has been known to serve as the intermediate host. 
Altliougb this species of mollusk is always found in endemic areaS; 
there are localities where the disease is unknown, yet where the snail 
is present. One such region discovered by the Xavy exists iu the Lake 
Lanao area of central Mindanao Island. Formerly an American mili¬ 
tary site, and perhaps in the future to be used as a Philippine Army 
training camp, tlie country bordering the north end of the lake is 
cool, relatively free from tropics! diseases, and not unlike the country¬ 
side of Connecticut. Yet the tiny creeks flowing into the northeastern 
end of the lake are heavily colonized by Onoomelania snails. Until 
these snails are eliminated, the area must be considered a potential 
breeding ground for the blood fluke. It is probably only a matter of 
time before the disease is introduced and established there. 

Surveying Philippine jungles and swamps for Oncomelania snails 
was, before the war, a particularly difficult task as is evidenced by the 
fact that Philippine workers, familiar with the country, found the 
snail in only 25 percent of localities where the disease was endemic. 
Becognition of tlie disease-carrying moUusk was hampered by the 
presence of slmilar-loofang, harmless shells, and because the habitat 
preference of the guilty mollusk W'as not completely understood. 
Military medical men, armed with malacological information, were 
able to track down the snail in every case, 

Rocognizing the guilty species of snail is not done by only studying 
the shell, but principally by observing the snail animal which is housed 
within. Oncomelania snails were found to possess a combination of 
animal characters not present in any other Philippine or Oriental 
snail—two delicate gray tentacles at the bases of which is a small black 
eye surmounted by a bright lunar splotch of yellow color gi-an- 
ules. This last distinctive feature was referred to for convenient 
identification purposes as “yellow eyebrows.'’ 

Studies on habitat preference had been hampered from the be¬ 
ginning. The Japanese who had been working on the problem had 
reported many years ago on the partially successful emdication 
method of scattering hot, unslakod lime in snail-ridden creeks. This 
had been misinterpreted in fairly recent American literature as mean¬ 
ing that crushed limestone and the changing of creek water from a 
slightly acid to a slightly alkaline condition would eliminate the snail. 
It took many months of water testing to show that temperature of the 
water, with the causative amount of shade and resultant amount of 
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oxygen in the 'n'&tof^ was ihe chief factor. It was also discovered that 
the ideal condition of the water for the shedding of carcariac was on 
the slightly alkaline side. Today, the fact is almost univereaUy ac¬ 
cepted that a creature which builds its shell of ealeium carbonate will 
grow best in slightly alkaline waters. The Oucomelania snail is am¬ 
phibious, and although a giil-breather, is as much at home on the moist 
earth bordering the creeks as it is under water. If the water is cool, 
the mollusk will make no attempt to leave. If trapped in a small 
puddle of water from a previous flood, and if the temperature rises 
above 88® J*., it will eitlter crawl out over moist grouial or, if the water 
is still slowly draining to the main creek, will come to the top, cup its 
foot to the surface film and float to cooler safety. 

This matter of temperature and habitat preference is not without its 
far-reaching military aspects when it comes to locating safe arena for 
encampment. Two similnr-appearing valleys can, by the nature of 
their drainage and terrain, possess totally different moUusk popula¬ 
tions. On Leyte Island nearly any flat stretch of fairly well-shaded 
and creek-drained land may be looked upon ns good breeding grounds 
for Uie Oncomelania snail The bordering hillside streams are, with¬ 
out exception, perfectly safe. However, on Samar fcland, nt the 
northeastern cud, a small valley tucked away in the hills was found 
wliich presents a totally different type of snail distribution. It is an 
area much like one tliat our troops might have entered had an assault 
on Japan been necessary. The center of tlie valley had every outward 
appearance of being snail-ridden country, yet a thorough survey there 
would have given a clean bill of health. The bordering hiUs, lush in 
protective woodland and near a source of clean, running water, would 
liavebeon automatically rBcommended as an ideal site for encampment. 
Yet, unlike Leyte conditions, the areas around these hillside atreoms 
were heavily colonized by Oncomelania snails. Tlie valley proper 
was ideal as a habitat in every respect except one—the temperature of 
the water was above 88® F. Had the inhabitants of our hj pothetiM 
Japanese Falley fled, bo that no survey could have b^en made of t e 
natives, 1 to 2 months might have elapsed before tlie presence of the 
disease had become known. By that time our iiifocted troops Plight 
have been holding an important sector of a buttle front. 

Locating small endemic areas of schistosomiasis has been made diffi¬ 
cult bv the migration of thousands of people durmg and after \\or]d 
War i L Th is has been particularly the case in the Philippine Island 
and China. Medical surveys brought lo light cases of the disease in 
areas which had always been thought to be free. Quest ionmg iwiia y 
revealed the fact that the patient had lived in or passed through an 
endemic area. The Navy unit employi^d an areurftte and easy method 
of mapping out small endemic areas by trapping find inspecting wild 
rats. In the Philippines the raU which forage in the brush do not 
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migrate for any appreciable distance, for their food supply from 
fallen and broken coconuts is always plentiful. The rat acts as n 
blind reservoir host, catching the disease in the creeks, but apparently 
not passing schistosome eggs in their feces. A glance »t a smear prep¬ 
aration of the liver under the microscope will show whether the rat is 
infected or not. In temperate regions of China and Japan the t&t 
method is usually unsuccessful for locating eudemic areas, for the 
animals prefer to remain near houses and barns and are not as likely 
to become infected. 

Control measures against tlie snail were undertaken jointly by the 
Army and Xavy. As a preliminary to cbemical tests, the life history 
of the snail had to be known, for eliminating all Tisible stiftik might 
proie useless if, unknown to the workers, a habit of migration or 
secluded aestivation existed, or if the eggs of the snail could resist 
poisons. Two types of experiments were carried out to determine if 
the snail had a habit of migiTiting. Tlie first was simply by setting 
a marker in a creek and liberating 500 snails whose shells had been 
painted bright yellow. Two weeks later 90 percent of the marked 
snails were recovered within 35 feet of the marker. Other ohserva- 
tioDs involved the method, of parasitological examination. At the edge 
of a maish on the south side of the town of Palo a drainage ditch 
empties its schistO'polluted filth into the area of an extensive colony 
of Oncomelania snails. At the mouth of the ditch, where schistosome 
eggs were hatching into miracidJa by the thousands, it was found upon 
microKopic ciamiuation that the snails were heavily infected with 
cercariae. Snail samples taken progressively farther from the ditch, 
and hence in zones of less miracidial exposure, showed lower and lower 
percentages of infection. Since the lapsed time from miracidial pene- 
tratior to cercarial development is 8 to 9 weeks, it was safe to assume 
tliat the snails do not voluntarily migrate more than a few feet for 
at least that period of time. 

The search for tiie egg of tlie Oncomelania mollusk lasted for 3 
months. The size and nature of the egg were unkniown to the Nnvy 
workers, and females kept in captivity could not be induced to lay, 
^foDiisk eggs of a dozen species found in the creeks were caiefnily 
raUed to an advanced stage of development so that identification 
could be made, but in every case they were found to belong to other 
species. The thrill of finally finding Oncomelania snail eggs was one 
which only comes to a naturalist engrossed m such strange 
The egg was not only of extremely small size, no larger than the head 
of a pin, but was always carefully camouflaged by the feces of the 
female. The excrement of this snail is made up almost entirely of 
fine bits of undigested grit and sand. As the egg leaves the ovidnet 
and is stuck to the surface of a moist piece of wood or coconut shell, 
the female places a number of her sandy fecal pdlets on the egg and 
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pats thein down into a protectivej camouflDged Jacket. With eggs 
available, the long list of chemicals effective against the adult was 
tested until all were eliminated save two which killed not only Onoome- 
lania adults and their eggs but spelled death to the fork-tailed 
oercftriae* 

OTHEItFAlUBITiC DtSmaSES OAREUiD BT MOU.USKS 

In other parts of the world there are two additional blood-Buke 
diseases which have plagued the human race since the memory of man. 
One of these^ bilharacias is mentioned in early Egj'ptian records, and 
its presence has been discovered in Egyptian mummies dating from 
1250 B. C. Napoleon'S troops were infected in the Nile region, and 
during World War I the disease became familiarly known among 
British Tommies as ‘‘^Bill Harris^ disease.’’ It has been estimated 
that 39 million people in Africa are at present suffering from bilhar- 
zia, with 6 million alone in Egypt This almost equals the 45 
mJllioti estimate for Oriental schistosomiasia. Bilharzia blood flukes 
take their toll of human lives by attacking the urinary system. The 
life cycle of the worm must include an intermediate snail host^ as is 
the case with all trematode worms. It is rather odd, however, (hat 
this species of schiatosome, bo closely related to the Oriental type, ia 
obligated to live part of its life in a lung-bearing snail which is not 
even remotely related to the gill-bearing Oncojnelania snail. 

The third type of schistosotalesis, Manson’s disease, is of more in¬ 
terest to Americans, for its prevalence in Puerto Rico, the Lesser An¬ 
tilles, and the northern parts of South America presents a serious men¬ 
ace to tourists who enjoy fresh-water awimming. Mansoifs disease 
is believed to have originated in Africa where today it is second only 
to biUiatzia as a tremaEode menace. It has been thought that Ite pres¬ 
ence in the W^estem Hemisphere is attributed to early slave trado. 
The snail rteponaible for the spread of this disease is related to the 
bilharzia carrier in Africa. 

In addition to the three falood-fluke diseases, there are some half 
dozen other snail-borne diBeosc^ which directly affect the health and 
economy of millions of our fellow beings. These differ from schisto- 
gomiasjs in being less damaging to the body, but are perhaps biologi¬ 
cally more interesting in having developed strange variations in their 

lifecycles. ^ ^ 

Tlie lung fluke, according to recent surveys, is st present limited to 
about 3 million cases of mfecLion in Asia and a few thousand in West 
Africa. The ha If-inch-long adult attadies Jl^lf to the inner walls of 
the lungs and often produces fatjxl tuberculosis-like lesions. No effec¬ 
tive cure is known. The eggs of the duke arc coughed out of the lungs 
into the river where they hatch into snail-seeking miracidia. Thia spe- 
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€im nearly always seeks out the riTer snails of the Thiarid family- In 
contrast to the simple schistosome life cycle, tlie lung fluke spends 
only a part of its larval Ufa in the snail, and then emerges again to 
seek out a second intennediate host, this time a fresh-water crab or 
crayfish. The crustacean must be eaten taw by man in order that 
the lung-fluke larvae may penetrate the intestinal walla and migrate to 
the lungs- One marrela that such a disease can continue to flourish 
with so many weak links in its long and oompHcated life ehaiiu In 
the Shoahsing area of Chekiang Province^ China, fatuous for its good 
wines, a large proportion of the population is infected with lung flukes 
because of the native cuatoni of eating uncooked crayfish that have 
been dipped in wine. 

Peculiar and unchangeable eating habits of man are again respon¬ 
sible for the world^s largest endemic area for the bile-fluke disease 
which affects several million people in the Canton areas of southern 
China. The life cycle of this fluke worm includes a mmmmalian host, 
usually man, dogs, or cats, a first intermediate snail host, and a second 
intermediate fish host, Tlie infectious larval stages of the worm are 
eoibeddod !n the flesh of the fish, and must, as in the case, of the cray¬ 
fish, be eaten uncooked. Baw fish isconwned as a delicacy by tlie Can- 
toneas during the fall festival season. Strips of the n^ore succulent 
parts of the fish are dipped in hot tea or hot rice grueh and are thus 
only partially cooked. Many of the natives cannot afford sufficient 
fuel to cook the fish thoroughly, and thus become infected. 

TIIB SNAIL rnDBLEM IN THE UNITED STATES 

No sooner had the scbistosoiniasis epidemic among our troops in 
the Philippine Islands been quelled, when Public Health authorities, 
nnder the leaderslup of Dr, Willard Wright, turned their attention 
tfiward the possibility of an outbreak in our own country. Although 
schistosomiasis bus never been contracted in the United States, the 
recent return of infected service personnel presents a potential thi’cat. 
To determine whether or not domc^ftic species of snaihi are capable of 
serving as intermediate hosts, Dr* Eloise Cmm, parasitologist, and 
Dr> Elmnr Bcrr)^ malacologist, have been carrying out an intensive 
stxidy of this matter. Living specimens of many of our American 
species are shipped from the field to the aquarium moms of the Na¬ 
tional Institute of Health in Bethesda, Md. There they arc exposed 
to the various tromatode diseases under study. 

Already, one species of Tropioorbid snail sent in from Louiriana has 
been shown to capable of acting as an intermediate host of Manson’s 
disease. The native habitat for this species is the island of Cuba, with 
a few scattered records in Louisiana and Texas. These latter records 
may represent accidetitnl introductions by man. Laboratorv infec- 
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tione do not necessarily forecast vrhAt may happen in nature. Schis¬ 
tosomiasis is unknown in Cuba, where the snail is rather common^ and 
where undoubtedly infected visitors have given the disease erery op¬ 
portunity of becoming established. A number of parasitologists be¬ 
lieve that the slave trade, with its accompanying cases of the two kinds 
of African schistosomiasis^ lias served as a great natural “experiments^ 
in w hich it was clearly demonstrated that neither of the diseases wei-o 
able to establish themselves in this country. It is probable that slaves 
were able to introduce Manson^s disease into Puerto Rico, the Lesser 
Antilles, and northern South America because of the presence of a suit¬ 
able snail host. A similar “experiment” occurred in the Canal Zone 
during World War I where a tew infected Ptierto Rican troops were 
stationed. The disease did not establish itself in that area, nor have 
nkollusk surveys brought to light species of known carriers. 

Research on the potential American snail carriers of Oriental schis¬ 
tosomiasis Las been intensified recently by the promising early experi¬ 
ment of Dr. Horace Stunkard at Princeton. Ho has found that the 
Pomatiopsis snail con be infected by the Oriental disease, but has been 
unable, so far^ to have the larval worm complete its growth. Pi’C^^nt 
experimenta now being continued at the National Institute of Health 
may meet with further success. Tfie Pomatiop^is snaiL already well 
known ns a carrier of animal lung flukes in this counlry, is extremely 
close in its morphology and ampidhioits habits to the Oriental schisto- 
somiasig carrier. In fact, it has been dubbed the “Oncomclania snail 
of North America.” Its distribution^ as shown by the nccompanyiiig 
map, is limited to the central regions of the United States except for a 
minor area of dLgpersal along the central portion of the Atlantic 
coastal plain. 

By far the weakest link in our public-health defense is in future 
accidental introduetiona of known snail carriere from foreign coun¬ 
tries. A number of slugs and other garden pests, including the giant 
Afrieau land snail, have already found their way to our shores. No 
disease carriers have been found in the United States as yet. The 
possibility of this Is not too remote, aa is demonstrated by the recent 
introduction and establishment of a Brazilian race of the Australorbid 
snail carrier of Mansons disease on Luzon Lland, Philippines. It 
may be only a matter of time before the disease finds its way from 
Africa or the West Indies to the Philippines through the agency of 
gome infected traveler. The importation of living snails into this coun¬ 
ty is subject to the fine-toothed combings of our plant quarantine 
and control agents, but this is not necessarily a perfect screen^ Once 
here, the Oncomclania snail has ample room for spreading, and would 
probably follow much the same distribution of tlie Pomatiopsis guaik 
As long as the accidental introdnetion is discovered within a year or 
two, no harm will have been done. Newly introduced species usually 
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take two or tbre« mating soasous to btiild up tbeir population to the 
point where they begin to spread for more room. Fortunately,, our 
leading natural history museums are in constant touch with thousands 
of mollusk amateurs and naturalmta in the United States. From past 
e;q>Brieiices we know that any “ne w species’^ of mollusks discovered by 




Ficrmc 1 —Tbe distribuUoD of tine sQall, a relative of the OrSeatal 

carrier of the blooU-fliike dbe^sOt Is UoAltfid to the eastern third of the Uidted 
Stately Blade dota show the locaUtj records for Pnmuf 


amateurs are promptly sent to professionals for naming. In this way 
any moUtiscan stranger is likely to come to the attention of malacolo- 
gists aware of the danger. 


SDMMABT OF MOLLCSCAN INTIiaMBDIATB HOSTS 

In order to avoid belaboring this article with scientific names, a 
table of human trematode diseases and their molluscan intermediate 
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raiJaiile of Inllkl lu^ a fatni nilnfs. Tu|] nm* left Ui rlpEJkt, Uii' tmirbif^ Ri'^sitraphyp 
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Plate 3 



Dr WUtnnl 11 Wriabl (Itf^r flf Hi*' DivL-foii of Trut>i«tl Dboastcs jil Hit- 

to gaft'giwra mircuwiitry fn.iti the Intnxluetioii of Nruiil-lwrm dihwtsw. (Photo 
jcrapli ljy Perry.) 
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Losts 19 giTSn Leremth, Only the more imporliaiit diseases are listed 
and for each of them only the most important snail carriers. Insig¬ 
nificant trematodes of man, such os Heterophyti heteropliyeb^ Uap- 
lorchU pttmUia^ and EcMitocha»imts ‘perfoliaius^ bare been excluded. 
Doubtfully or accidentally implicated mollusks such as Syneera hdnt^ 
Tkiura {Melanoides) tabercidata^ and others have also been left from 
the list. Tho trematode, Parayonimm h^icotti^ at the bottom of the 
table is not a human-infecting species, but its intermediate snail host, 
PomaHopah lapidaritt^ is considered a potential host of Oriental 
schistosomiasis. 

THE VENOMOUS CONE SBEU:. 

Seashell collecting and the handicraft of shell jewelry became pop¬ 
ular hobbies among many of our troops stationed on remote Pacific 
islands. The coral reefs of the South Seas and the fihist Indies under¬ 
went the most intensive scouring for rare and beautiful specimens since 
the days of early natural history exploration. Tet despite the many 
hazards of reef collecting, relatively few accidents and no coses of 
fatal bites and stings were recorded. This may be accounted for, in 
part at least, by the wide circulation of mformation on poisonous 
foods and animals given in survival handbooks by the Army and 
Xavy. 

Among the most dangerous inbabiUnts of the coral reefs are the 
cone shells whose sting is equally as powerful as the bite of a rattle¬ 
snake. Although the beautiful cone shells ore one of the commonest 
of Indo-Pacific moHusks, the total list of authentic cases of death by 
their sting is not at all impi^esslve. Of the many dozen species found 
in this region, only five have been known to produce a venomous 
sting. The number of cone-shell stings is few because of the shy 
nature of the animal. Invariably a sueil wiU withdraw into its 
shell when disturbed, and unless the cone shell is held quietly in the 
palm of the hand for soma minutes, there is little likelihood of the 
collector being stung. 

The apparatus for the injection of venom into the skin of the 
victim is contained in the head of the animal. Bite, rather than sting, 
is perhaps more descriptive of the operation. The long, fieshj pro¬ 
boscis or snout is extended from the head and jabbed against the skin. 
Within this tube are a number of hard, hollow stingeis, slender and 
long os needles. Tliese are actually modified teeth or radulae, com¬ 
monly used in other snails to rasp at their food. Under a high- 
powered lens the teeth of the cone shell resemble miniature harpoons. 
As the teeth are thrust into the skin, a highly toxic venom flows from 
a large poison gland located farther back in the head, out through the 
mouth, and into the wound through the hollow tube of the tooth. 

There have been a ntunber of graphic accounts of the symptoms 
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involved in cone-shell stings, two of which are quoted below. Dr. 
H. Flecker, in The Medical Jonnial of Australia, vol, 1,1936, reports 
that— 

a H. O. [Cawfles H, CarbttK], a mule, aged 27 jenra, whilst on a pleasnrt 
cruise InndeO at Haimoa Island on Judo 27i 1385, and picked cp a lire cone 
sliell (since identified bjr Mr. H. A. Longmen, Pf the Qiioensland Mnseiuii, as 
Conus fFSOpraphits). AeeordlDi; to «n eye-witness, It was gripped la tbe palm 
of one H qrirt, with the open side downwards Ln coaUct with the skin, whilst 
with the other he proceeded to scrape with a knife, the epidermis, that Is, n 
thtn cuticle corerlng the hard part of the shell. It was during this operation that 



Fjot.'u: 2,—The needl^lke tooth with which the Tenomona cone sheU stings its 
prey. The top row show* the barpoaa-shoped heads of the teeth of Bto Tcaomotta 
species. t«ft to tight. Conus lea'll/s. s(rta(irt, dtoprsphus, ib armor shm, nnd 


Wipa. Magnified GO times. 

be w« stung la the pnlm of the hand. Jtist a smiill punctnrt toark was 
risible Dr Clodsion did not see the patient until just before death, hat 
following d<^Dils were obtained by him from the patient’s aoiher, who was 
preseot with him. I-oeal symptoius of sUgbt numbness started almost at once. 
There was no pain at any time. Ten minutes afterwards there was a feeling 
of stlffuess about the Ups, At 20 mloute* the sight became blurred, with 
diplopia; at 30 minutes the Iei» were ptrairsed; and at SO minutes uncun- 
seloasness appeared and deepened Into comn, 

No effect was noted upon the skto. lymphatic. allmcnUiy or pealto-urfaiaiT 
systems. Just before death, the pulse became weak and rapid, with slow, 
shallow respiration. Death took place 0 hours after tbo patioot was stuog. 

A post mortem eaamlnatlon showed that all the organs, heart, lungs, et eetera, 
were «iaite healthy, hlr. J, B. Henderson, GorernniPJit anal.rst, reports that 
no poison was found la the stomach cootenta. The victim was prior to the Injury 
In perfect physical condition and In training for foothalL 

In the other species of cone shells, the reports show that considerabJe 
pain ncconiptmies the sting. Andrew Garrett, a famous shcU collector 
of the latter half of the nineteenth century, reported that he was stung 
by a <7oniM ttdipa **c&uaing sharp pain not unlike the sting of n wasp,’’ 



















338 AJiNTJAL HEPOFT SMETn^ONJAN INSTTITTnO^f, 194 7 

Anolher case was recorded in Japan by H. Tosiro (Venus, vol. % 
pp. 165-166, 1939)- The trauslation of this palmer appefii's anon¬ 
ymously in the proceedings of the Malacological Society of L<.mdon, 
1940, Fol. 24, p. 32. 

On 29 inne 103& a man 32 years old left hopie aliout 10 n, m. for ttritbiag and 
ahell-coUcctJEie. Soon after be waa tofecEcd hy the bite of a 
Ho Immediately felt great pain And acDreely managod to walk hoiae. A doctor 
attended pnanpUy ; the patlent-s tcmijeramre arose to about 36* C. (=113“ F,K 
breath log bccaiao dldlcult and Ms Unger-tlps went purple. He was aoon oncou- 
scloosand died about 3 to 4 bodts after liif€?caon. 

Other coses, not all fatal, have been recorded from Xew Guinea, 
New Hebrides, New Caledonia, Tongs, Samoa, Fiji, the Carolines, 
and the Society Islands. An e.^ce!1ent and much fuller account of the 
various cases appeared in a recent article by W* J. Clench, cui’ntor 
of the department of mollusks at Harvard College (Occasional Papers 
on MoUusks, Harvard University, vol. 1, No. 7, pp. 49-80). 

The cone shells apparently use tlieir venomous arraalure primarily 
for the purpose of subduing their prey. Fish, crab, and moling 
remains have been foimd m the crop and stomach. Secondarily, the 
cone sheik use their sting as a means of defense against such enemies as 
the octopus. Kecently in Queensland, Australia, the effectiveness of the 
cone sheira defense was demonstrated during the course of a shell- 
csollectmg trip on tlie reef. An IS-inch octopus had been captured and 
put alive in an enamel pail of sea water* Later, a venomoiis cone shell 
was found and dropped in with the octopus. In a few minutes the latter 
began to attack the cone shell with its customary procedure by plac¬ 
ing one of its tentacles across the mouth of the shell. Under nonnal 
circumstances it takes an octopus a few minutes to dig and suck a snail 
animal from it shell, but in this case it suddenly withdrew its hold, wav¬ 
ing its tentacles about in violent agitation. Immediately after the 
retreat of the octopus, the tiny, nccdlelike radnla of the cone shell 
could be seen slowly withdrawing into the snairs proboscis. A few 
minutes later the octopus shed one of its tentacles. Although the crea¬ 
ture was soon transferred to a well-aerate^d tank of fresh sea water, 
it was found dead the following morning. The venomous cone shell, 
on the other hand, remained healthy and active for many moi*e days. 

The species of cone sheik reported in the literature as having been 
responsible for deadly stings are the tulip cone {€onm tfxlipa)^ th^ 
textile cone (Canm £€ 2 ^iih ), the geography cone (Conu^ geograpkvJi)^ 
the marble cono {Ct/mis mormorem), and the courtly cone (C&nti^ 
aultcus)* Oddly enough, the nature of the conc-slieli poison has never 
been investigated by a eliemisL The marlinspike shells of the genus 
T^r^hm^ a cousin of the cone sheik, are also armed with harpoonlike 
teeth and a small poison gland, but to date no records of their inflicting 
a sting in man ha ve appeared in the Uteraturo, 
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The ways in wtich insects affect human welfare are so numerous 
and diverse that no approach to completeness of treatment can be made 
in a brief paper. In the present instance, however, completeneas is 
not needed, nor in fact is even a comprehensive sampling. A consi^der- 
ation of certain aspects of the subject will suffice, for tlie object of the 
paper is to advance the thesis that the time has come for entomolo^su 
to present to the public, on whose support tlie progres of entomologi- 
ca] research almost entirely depends, a more balanced interpretation of 
insect and human relations than that usually current. 

The subject of insects and human welfare is not new, and ceitain 
aspects of it have been developed at length in a great vanety of books, 
technical bnlletins, magaaiiie articles, newspaper stories, and even 
reports over the radio. The relationships that have been most f 
quently stressed, perhaps natuinlly enough, have been thore m which 
insects appear as enemies of man. It is not my desire to mmmize the 
damage inflicted on man by tlioee insects which are agnenltural or 
forest pests, transmitters of disease, or are m other ways inimical U) 
man’s well-being, Such damages, however, and the u^cts responsible 
for them, should be viewed in proper perspective. In no other way 
cun the real importance of insects us a whole be understood correctly 

and evaluated properly. . . j 

It has long been apparent to biologists, whenever insect himan 
relations are viewed in their entirety, that the inswt species which are 
miurious or antagonistic to human welfare actually constitute only a 
small pitjportion of tlio total of insect life and that Uie grea major } 

IHT. BciilnlEMl S7 p.niif»idOP from Th£ Ptn Pmrlrte EcwmoleiHt, tsI. ^3. * *0.1, JUi T 
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of insects are either directly or indirectly beneficial to man or en)oy a 
neutral status. Dr. Franh Lutz (8) ’ baa estimated that not more than 
one-half of 1 percent of all the inBects in the United States ace actually 
pests. Calling attention to Lutz’s estimate, Paul Knight (7) states 
that ‘‘those who care to extend the argument can show that a far 
greater percentage are of direct value, but that would prolong a ques* 
tion that is scarcely debatable.” Kevertheless the beneficial aspects of 
insect activities have not been brought clearly to the attention of people 
generally. 

It 18 still too common practice on the part of entotnologi8ts, and in 
particular of economic entomologists, since th^ must perforce focus 
their attention on destructive species, to ignore or to minimize the 
numerous benefits con ferred on man by insects. For example, Graham, 
in “Principles of Forest Entomology,” (6) recognizes the beneficial 
role of numerous forest insects, but disauases them, with a paragraph 
of brief consideration in the final chapter.’ An occasional text, such as 
“Destructive and Useful Insects,” by Metcalf and Flint (9) devotes 
a full chapter to the benefits that man derives from insects, and a very 
few treat the subject at more length, but in the majority of texts the 
treatment is quite inadequate. 

All too often, especially in articles designed for popular consump' 
tion, we encounter extravagant statements and overdrawn pictures con¬ 
cerning the so-called warfare between man and the insects as if the 
two were engaged in a relentless struggle to the death. The “insect 
menace” has become a catch phrase. To be sure, most of th^ fantastic 
pictures are found in articles written by persons lacking entomological 
training. Xot a few, however, have been prepared by entomologists 
who should know better and nearly aD arc based on information and 
ideas that have been supplied by entomologists, An unfortunate con- 
eequence of this state of affairs is that many, if not most, laymen have 
developed tlie belief that dearly all insects are injurious and should 
ruthlessly be exterminated. 

A few decades ago excessive etnpbasis on the destructive activities 
of insects perhaps was Justified. The increasing number of insect 
pests required t^t public attention be directed to these enemies of 
agriculture. Without this emphasis it might not have been possible 
to arouse the public sentiment and the legislative backing that were 
essential for the support of needed research on pest control. At that 

» Nnmben In tnefer to tilbllOjEmpbr- 

^ Tht OinLKlOD rt/trred to litre !■ the omlMlon of ftny e&i}4rftl iTMtiDiHit pf Njaeflel*! 
luect BDtlTltla tii the foreet iUch ai eiffl <lMlt with her*. ^Tliere 1* IdtflEll W l&pS? thmt 
Df, (fimluja ift tmfccqnaSfltod with thei* KttlTlU^ or Il^iaI^p^ecUlJ ^ them. Dr. Grfthnsi 
Lt 1 . EEMwl teoEoclHt #ii4 Mfl hoo^ cantAiiu numeroat lehltittd refereoc^i to the 
iftlTltlei Of fgMt JDe«rtA, n# IfltflJt *■ iMteUf to note that It bu not been tha nuton 
In remBTAl ttitm puch p# Oxmhun'a, concarned pa thtt aro with the coqtml of Imcft 
to prtpeiil b«&of9dJLl loMct octlvltlel broodi; pnd U a witiAw^ pja4 lo tbo Itiadchl eif i^UTaI 
Eoadpf li nndereptimAlp their liDp«rtpjM». 
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^imft also a f a.ctual basis for an adequate; appreciation of tlio beneficial 
aspects of insect life had not yet been sufficiently developed^ For that 
matter, there in real need at the present time for eitensiTe and <letailed 
e^loration of the beneficial activities of insects- In particular there 
is a need for quantitative studies. The knowledge we now possess is 
mostly of a qualitative nature- 

The goal of an aroused public interest in the study of injurious 
insects has long since largely been achieved and adequate support for 
research in economic entomology usually is available. We now 
urgently need to round out the pieturCj to educate the lay public to 
a realization of the vast amount of good tliat is done by insects as a 
whole^ to the end that balanced judgment ^nll determine the general 
attitude toward msect-human relations and that aU branches of en¬ 
tomological research shall be recognized as meriting adequate support. 

There is at present a measure of real danger that the lay public^ 
animated by the conviction that insects constitute an enemy group, 
may attempt to carry the matter O'! insect control, or mthori sup- 
presdon, too far. For the first time in the history of man*^ conflict 
with insects the materials at his disposal make the unwise dream of 
insect extenDination seem possible of altaintuentj at least in localized 
areas ^ or if this state of sfloirs has not yet been attained, at least it 
seems to be not far away* If, thereforej man is to be spared costly 
experiences in which hia actions bring doivn upon him luoi^ harin 
than good* it is essential tUat there bo developed in the public mind 
an appreciation of the beneficial activities of insects that will serve 
to balance the already well-developed appreciation of their injurious 
activities* 

The economic entomologist has a special responsibility in this con¬ 
nection because of his frequent contacts with a segment of the public 
which has a special reason for distrust of insects* Moreover* to enaura 
the proper development of economic entomology in tlie years that lie 
aiiead, it is essential that the economic entomologist recognize and 
accept this respOTisibility as many of them individually already have 
done. It 13 becoming increasingly evident that the carrying out of 
proper measures for the control of injurious insects is not simply a 
matter of appljdng a sufficiently lethal insecticide. Hathcr it requir^ 
that each species be regarded in the light of the entire complex ecologi¬ 
cal picture of which it is a part., and that control measures be selected 
accordingly* It often happens that insects that are mjurioiis under 
one set of conditions or circumstances are of no consequence or are 
beneficial under others* A correct appraisal of the economic status 
of many an insectj therefore, cannot be made by the farmer but only 
by a well-trained economic entomologist who has a broad knowltKlge 
of general insect eulogy. A great deal of time and money is now 
wasted in so-called ^"insurance spraying^ which might be saved or 


342 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1047 

better used in some other type of control. The farmer should be edu* 
cated to expect the economic entomologist to have the broad type of 
training suggested above and to look conBdently to the economic 
entoniologist for immediate advice and guidance in meeting his prol> 
lems of pest control. This desirable relationship cannot muterialbe 
so long as the current point of view continues to prevail. 

It may be that the danger that I have envisioned is more apparent 
than real. Human affairs move with sufficient slowness that the un¬ 
wisdom of attempts at the wholesale extermination of insects may bo 
made sufficiently dear through repercussions from early attempts that 
efforts in this direction will be abandoned and will be replaced by 
actions based on a saner philosophy. Certainly the usage of DDT to 
date has revealed that such powerful insecticides, valuable as they are, 
cannot be used indiscrtminately with impunity. Nevertheless much is 
to be gained by a concerted program of public education Uiat is aimed 
at balanced enlightenment in place of the present program of merely 
seeking support for more and ever more distraction of insect lifi * 

In the light of the reasoning thus far advanced it seems worth while 
to review certain of the interrelations between man and insects in which 
the insects play a beneficial rolo. 

As a general rule little attention is paid to the &ctors concerned in 
I he control of the plant population of the earth and the place that 
insects hold among these factors. Because of man's dependence on 
plants itiscuEtomary to label as injurious any creature aside from man 
and his domestic animals that feeds on plant life. Yet obviously this is 
not the case. An organism is really injurious only when it becomes 
sufficiently abundant that its activities are genuinely detrimental to the 
welfare of other organisms. This happens in the e gsB of only a very 
small proportion of inseeto, Moieover, it Is possible for a plant as 
well as an insect or other animal to get out of balance with the rest of 
life; to become, in fact, a peat, A few plants in recent decades have so 
far escaped from normal population controls as to become veritable 
scourges, and so far the only significant progress in bringing them back 
under control has been nccomplisLed through the use of insects that 
feed on them. 

The most notable example is the prickly-pear cactus in Australia 
which, according to some autliorities, by 19S5 occupied some 60,000,000 
acres of Australian soil to the extent that it was practically worthless 
for agriculture. Cactus-feeding insects intniduoed from the Ameri¬ 
cas have brought the cactus under contioL Most of the work of con¬ 
trol has been wrought by a single species, the moth Cactoblastis eae- 
tommy whose caterpillar mines tlie joints of the cactus. Allan P. Dodd 
(4) soys the introduction of tliisinsect between 1925 and 102" “brought 
a complete change in the outlook within a few j-ears. Its progress 
has been spectacular, its achievements border on the miraculous. Great 
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tracts of country, utterly iiseless on aocoant of tlie dense growth of 
the weed, have Isen brought into production. The prickly pear ter¬ 
ritory has been tnuisformed from a wilderness to a scene of prosperous 
endeavor.” 

Probably not many plants possess tlie qualidcations for becoming 
pests of the magnittide of the cactus, but we have no way of iudging 
^forehand. There are other weed plants besides cactus w*hich, ttiough 
perhaps le^ objectionable, have nevertheless become major pests in 
countries into which they have been introduced. Such are lantana in 
Hawaii and Australia, blackberry and gors; in New Zealand, and St. 
John’s Wort in California, Success has been only partially atbLUiod 
to date in controlling these weeds but the measure of succor that has 
been attained itas been accomplished largely through the use of insects. 

In the countries to which they are native these plants are not pests, 
They fit normally into the flora of those regions in mutual adjustment 
with otlier organisms. The factors tJi&t determine their nornml popu¬ 
lation levels, as is true of plants everywhere, undoubtedly are several, 
but among these are the insects that feed upon them. Dr, Brues has 
pointed out in “Bisect Diet,ary” that insects are a major factor in de- 
termining population levels in plant life. We i^rhaps ettnnot even 
guess aoeui'ately what the consequences would be if insects were to be 
totally removed from the leiilm of plant life, but we can be sure that 
it would be some sort of chaos and that man would be numbered among 
the victims of such a disastrous Imppening, 

We are accustomed to looking upon insects that attack trees as in¬ 
jurious and requiring control, and certainly often, though not always, 
tills view is the correct one. Tot it is equally ceitain that the majority 
of insects to b& foiuid in a forest sire not detrimental to the forest and 
that manv, if not the mojority, actually beneSt the forest in one way 
or another, F. C. Craighead (2) in ‘‘An Annotated List of the Impor¬ 
tant North American Forest Insects” lists less than 2CK1 kinds of really 
destructive species distributed over many families, yet W. J. Cham¬ 
berlin {1) records .'575 species of bark and timber beetles in but two 
families. Um great majority of these are forest species but the great 
mfljoritT are not destructive* 

Cham^berlin (loc. eit*) says* “When Carphoi^yrm, PHit- 

Plhj&kt^incs^ HypotA^nemns^ or any of the 

other similar species attuck the lower limbs of trees kill them^ 
tltey are but hastening natui'al pruning whicii results in a clean bole 
ftiid a iietter grade of lumber.^ 

Boane, Van Dykej Chaniberliti, and Burke (3) say that every 
heavily stocked young forest there nro thousands of trees tlmt must 
die and pass out of tie picture before the forest reaches mat 
ritv. • • * Xuture takes citre of this * * • need through 
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suppression of slower-growing trees; and at times insects and disease 
may serve a useful puiposein removing trees from overcrowded stands, 
thereby releasing the space to the snrvivirig trees which will then grow 
mono rapidly and into better wood material.^ 

It is obvious, therefore, that without the beneficial services of numer¬ 
ous forest insects our forests would never have attained to their present 
magnifioencOj their productivity would be far less than it now is, lum¬ 
ber would be inferior, they would be less suitable as hom^ for valuable 
wildlife^ and their esthetic and recreational values would be far 1^ 
than they now are. They would^ moreover, be filled with a tangled 
maze of dead branches and small trees that would constitute a fire 
hazard fttr greater than any now known, or what is more probable, 
they would be swept by destructive fires of such extent and with such 
frequency as never to attain the status of forest maturity as we now 
tmow iL 

To consider anotlicr phase of the general problem, many insects in¬ 
habit the soil, often in tremendous numbers. In one case in Illinois 
their numbers were estimated at no less than 65 millions per acre. 
Some of the soil insects, namely wire worms, white grabs, certain 
aphids and mealybugs, and a nuBcellaDy of others, feed on the under¬ 
ground parts of plants, damaging them more or less, and at times 
attain the status of pests. The majority, on the other hand, make a 
definite, important, and perhaps essential, contribution to the develop¬ 
ment of tlie soil itself and to the msiatenaiice of soil fertility, 

Paul Knight (f) in this connection says— 

(1) Sou org-aDifimB catiBe n iwtinqal latereliange of soil particles hy brlnutn^ 
to mo BQrfnco partlclea of enbsoU. Tlie gradnaL earlchmeot at these soil 
particles Increases the thlcJcness of tl^ rich top larei*. (2> The butrovLij of eoU 
organisms aUow better dmiDage and anratloa, (3) The dead bodies of antnuLls 
ffocb m insects and worms add a larsc amount of organk material to the eartb. 
(4) Tlie eicreta of Insecta comi>fire8 fa?crably In fertuizlng talue with the dl- 
ijcatlTC wastes of other atiftnata. Though Uie diaesti?a wa^to of ods Lnscci Is 
lnflnJiGslniiL the uggregato mass nf all Snaoct excreta pmbablj- aiceeda that of 
the largsr animals and ts sn ImiKinant factor In son fertllitr, 

W, M. Wheeler (10), referring specifically to the soil-building ac^ 
tivities of ants says, "^^Tliua the ants act on the sail like the earthworms, 
and this action is by no means inconoi durable, although as yet no one 
has studied it in dotaiL’* 

In the discussion of both of the preceding two topics—forest Snsecla 
and eoil-inhabiting insets—mention has been made of the effectivene^ 
of insects as scavangers. Their value in this connection can more 
easily be undert^Ftimated than overestimated for they aie second in 
importance only to the bacteria and fungi as agents of decay. 

We deplore decay whenever it affects any type of material or prod¬ 
uct that we wish to preserve for a time. We deplore the csifitenco of 
FmicUliwn fungi that destroy a part of the oranges or lemons that 
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trfl buy in the marbets, we strive to prevent the growth of the several 
rot-disesse fungi that destroy the foundation timbera of our homes 
and other buildings; we abhor the maggots that swarm through the 
carcass of a dead auimal or a mass of garbage that has not been prop¬ 
erly disposed of; but at the same time we recogni?^ tlie general use* 
fulness of decay. We know that decay is the necessary counterpart 
to life and without decay life would soon become imposdble on the 


earth. 

Folsom and Wardle (5) say that insects “as scarengers are of 
inestimable benefit, consuming as they do in incalculable quantity all 
kinds of dead and decaying animal and vegetable matter. This func¬ 
tion of insects is most noticeable in the tropics, where the ants, in 
particulan eradicate tons of decomposing matter that man lazily 

neglects.” . i. » 

The importance of decay and the necessity for it lies in the fact 
that certain chemical elements, in particular nitrogen, phosphorus, 
and photassium, obtained from the soil by plants end needed niilie by 
plants and animals, are present in usable form only in relatively small 
amounts in most soils. The available supply must be return^ to 
the soil on the death of the organisms living on or in the soil if life is 
to be continued in anything like its normal lusuriance. Without the 
beneficial agenev of the bacteria, fungi, insects, and other organics 
of decay but cspwially these three, developing plant life would gradu- 
Ally but surely tifl up m plant tissues aJniost ftli of the existing stipply 

of critically needed mineral elements. -t jj- 

For the purpose at hand it is minecessaiT tu develop in delail addi- 
tional aspects of the general topic. Simple mention or very brief 
treatment of some of these will suffice. All. m one way or another, 
are fairly well known to entomologists though not to the general 

public, or at least not sufficiently known. ^ 

The importance of insects as animal foods is apparent when we 
realise that considerably more than half of the food supply of rommon 
land birds, fresb-water fishes, many reptiles, and many small mam¬ 
mals consists of insects, and without the insects these animals would 
be unable to maintain themselves. It is customary to consider such 
animals as constituting checks on the increo^ of mse^ and no doubt 
at times and perhaps continuously to a limited «tent they do coi^- 
tute such checks, but there is much evideuco to indicate t^t more oft^ 
the vertebrates in question, and in particular the birds, are me y 
living off of the surplus of iuBect life and are not a significant factor 
in tCffulatiDff insect ftbnndaiice. 

The dependence of flowering plants on insects as pollen carriers 
has received wide attention. It is estimated that about So p^nt of 
flowering plants require insect pollination in whole or m part. & e - 
calf and Flint (S) estimate that the annual yield of agricultural crop 
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pknts in the United States that depend on pollen transfer by insects 
has a value in excess of 2 billion dollars. In this Sold as in others, 
however, the picture that has commonly been drawn is an unbalanced 
one. Most discussions of tlte subject have been in terms of the honey¬ 
bee and bumblebees. Admitting the tremendous importance of those 
insects, it must yet be recognbied that there are thousands of species 
of plants for which the honeybee and bumblebee have no meaning. 
Great nuntbers of other insect species, solitary bees, flies, beetles, moths, 
and butterflies, and even, occasionally, such small creatures as tbrlps, 
function as pollinators of these plants and in numerous instances 
play an absolutely essential rote. Without them a considerable propor¬ 
tion of our garden flowers and shrubs could not exist, nor could there 
be the wealth of color and variety in the wild plants that clothe our 
valleys and hillsides in proper season. Insects, tlierefore, make a 
contribution to the esthetic and recreatioiiiil resources of man that is 
not inconsiderable. 

Much of the vegetation that adds beauty to the desert areas of the 
earth consists of insect-pollinated plants. Such also is the case with 
the chaparral and other growths that hold back the runoff on hillsides 
and gentler slopes over vast acreages and so protect the lowlands from 
destructive floods. 

In summation, it Is perhaps impossible to visualize adequately the 
totality of beneficial effects which insects exert directly or indirectly 
on huntan welfare, but the benefits are incalculably great. It is not 
too much to say that insects determine the character of man’s woidd to 
a far greater extenttlian he doeshimseif, and tliutif they were suddenly 
to disappear completely the world would be changed so extensively that 
it is extremely doubtful that man would be able to maintain any sort 
of organized society whatever. 

I repeitt, therefore, tliat the time has come for entomologists gen¬ 
erally, and for economic entomolopsts in particular, to present to a 
public that is manifesting increasing interest in in^t life, a more 
rounded and better baluncetl picture of insect life; It is time to appeal 
for interest and suirport on the basis of this more complete picture 
and man’s place in it, recognizing that all forms of life are interwoven 
in an int^rated whole which needs to be understood before it can 
safely be changed in any radical manner, and that in arriving at this 
more intelligent basis for orienting ourselves to the insects there is no 
place for categorical condemnation or praise. On the contrary, each 
species or closely knit group deserves to l>e considered indcpondentlv 
and judged on its individiinl merita, 
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Mosquitoes long ago put into pi^ctic« a political theoiy poblids^ed 
Tnthjn recent years by the late Wen del] Willfcie, ‘‘^Qne World^^ to 
these annoying pests and carriers of disease, has been and continues to 
be a reality. Not aU of them^ by any means, Iito here witb us in tbo 
North Temperate Zone. In swarms they attack man and bca^ north 
of the Arctic CiitiC;^ and in myriads they inflict suffering and illness 
on inhabitants of the Tropica. The tropical d Lseases they carry include 
malaria, dongtie, yellow feverj filariasisj and encsphalitis. 

Soon after we entered World War IT our Army and Navy found 
mosquitoes s formidable enemy. The battle front on which they 
encountered these creatures was a long one; in the far North mosqui¬ 
toes prevented rest and hindered outdoor activities, and on the Equator 
indirectly caused the loss of many thousands of man-days by trans¬ 
mitting disease. Few American entomologists had conducted mos¬ 
quito surveys in either of these far-away dories, and few of us knew 
anything about their habits in foreign lands* Our military forces 
sorely needed on effective means of repelling mosquitoes- They needed 
also a modem, effective method of destroying mosquito adults and 
larvae over large areas under a wide variety of cenditionap Several 
hundred species of mosquitoes were involved, varying widely in their 
bionomics. 

In m2, at the requ^ of the office of the Surgeon General, United 
States Army, and with funds provided to the Bureau of Entomology 
and Plant Quarantine by the Office of Scientific Research of the Na¬ 
tional Emergency Council, entomologists at our laboratory iti Orlando, 
Fla.j began a long series of testa to develop effective mosquito repel¬ 
lents. Hundreds of new and old chemicals were sent to Orlando by 
chemical companies, from all parts of the United States. Within a 
few months several materials, having shown promise in the laboratory, 
wer^ recommended for field tests. 

TESTING MOSQUITO REPELLENTS IN THU ARCTIC 

Late in June 1043 Terris Moore, of the Office of the Quart ermafder 
General, United States Armyi and I were detailed for a few weeks to 
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testing equipment including mosquito repellents in the Ticinity of 
Churchill, Manitoba, Cana(3a{S).’ Tins Anny outpost on tlie western 
shore of Hudson Bay was chosen for the tests partly because of its 
accessibility, but largely because it lies in the mi^ of some first-rate 
inosquito-bFceding country. In my naive, provincial way I thought I 
had already seen mosquitoes on tlie loose, but I was not pi^pared for 
the countless numbers of that accompanied us almost constantly 

on our daily routine at Churchill, They rode on our protected backs 
for miles through the muskeg, they cluttered the window screens of our 
barracks in a vain attempt to get food, nnd they entered our cargo 
plan^ and traveled for miles in every directioiL On one trip to 
Soutlminpton Island, in northern Hudson Bay, thousands of the in¬ 
sects took olT from Churchill with us and made it easily to the neat stop 
500 miles distant. Eii route, the temperature soon became too low for 
much activity on their part^ but upon landing at Coral Beach they 
swarmed up and soon tried to bite. 

Moore and I arranged a simulated forced march of several days 
through the muskeg (9). Two Medical Corps olficcrs, Capt S. M. 
Fierst and Lt. D. A. Tutrone, and 13 enlisted men were detailed to 
accompany us. Without benefit of trails, shelter, or food other than 
what we carried on our backs, we headed into the wilderness. Every¬ 
where tlie ground was wet from the melting of ice a few inches below 
the surface. Travel was tough, and our feet were constantly wet, 
Eveiy afternoon we spent hours seeking an elevation high enough on 
which to make our camp. We wore lieavy clothing, partly as a protec¬ 
tion against mosquitoes nnd partly as insurance against bemg chilled 
by sudden snow or nortliem wind storms. Fighting mosquito hordes 
while wearing heavy clothing and loaded packs during days wlien the 
temperature occasionally rose above S0° F. was not so diflicult as pre¬ 
paring for meals and sleeping. While we were eating we could not 
wear gloves and headnels and continually dope ourselves with insect 
repellents, consequently the insects were constantly attempting to bite 
our Imnds and faces. At nearly every meal, numbers of mosquitoes 
accidently landed in everyone’s beans and coffee, 

Tbe O'bject of our hike was to determine which gave better protec¬ 
tion—heavy clothing, or the chemical mosquito repellents wo liad 
brought from the Orlando laboratory. One day we would try double 
layers of heavy clothing, wjtliout repellents. The nest, our Army 
pcrsomicl would serve as human guinea pigs. Tlieir faces would be 
protected with head nets, but their anna and legs would be left bare 
and we would apply a difiTerent repellent to each of a man’s bare arms 
and legs. We would then clock the time between application of the 
repellent and tbe first., second, and tliird mosquito bites (table 1). The 


^ Kunabrrfl in refer to btbili»cimpl]|‘. 
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different repellents gave protection for different lengths of time on 
different hosts^ but in general the effective period was shortest for 
Lidalone and longest for the three*way mixture 6 parts dimethyl 
phthalate, 2 parts Indalone, and 2 parts E-612, The repellents were 
applied carefully and thoi'oughly, and after eucit application we 
washed our Imnds with acetone to avoid contaminating atty one repel¬ 
lent with any other. We would test but one repellent on any one arm 
or leg during the course of any one day. On any day when the biting 
rate of mosquitoes was abnormally low because of unfavorable weather, 
we interrupted the test repellents and instead tested some tents and 
sleeping bags Moore had designed. From time to time wo used jungle 
boots and jungle hammocks. The hammocks were warm and com¬ 
fortable, and after we got inside we were well protected against mos¬ 
quito bites — ^that is, unless an arm or leg came into contact with tlie 
netting. Wearing jungle boots in (Jiat cold and saturated moss-covered 
muskeg was another story, and none of us volunteered to test tliem a 
second time. 
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Trying to diy our feet &nd sockE before going to bed jif&s eboat the 
oioet unoomfortable experisDcs of all. We had the minimum of nbnngn. 
and had little beat to dry our clothing, and moeqnitoes were constantly 
finding Tulnernble parts of our anatomy. We took turns using a 
specially designed sleeping bag, without benefit of a tent- Getting 
partly undressed and diving into a sleeping bag fast enough to escape 
being bitten was a real feat. There remained, tlten, the attempt to 
zip up the sleeping bag and stuff mosquito netting into the opening 
through which we breathed. Our arms were pinned to our sides, 
there were persistent lumps in our improvised mattresses of reindeer 
moss, and daylight lasted until 10 or 11 p» m. The sun arose about 2 
in the morning, and if the night was not exoeptionqJIy cold our rest 
was punctuated by the monotonous hum of the mosquito hordes. 

One evenmg when most of the boys had retired to their small pup 
tents I made a fairly dependable count of 1,900 mosquitoes quietly 
roosting on one of the tents. These tents had a canvas floor, a 
Screened ventilator in each end, and two doors—one of mosquito ne^ 
ting, the other of canvas. IVo men were assigned to eadi tent- As 
the men crawled into their tents, many mosquitoes went right in with 
them. I had brought a supply of aerosol bombs, and after each pair 
of men crawled into their bedding I released the pjTethrum aerosol 
for a few seconds in through their netting door. This treatment en¬ 
tirely freed the inside of the tent of living mosquitoes within a few 
minutes. In the ventilators of one such tent 1 counted <Mie morning 
128 dead mosquitoes. No doubt dozens of others had been kiUed by 
the acroEol before they were able to get to the ventilator. Had it not 
been for the aerosol bombs, each of one nights spent in the tents would 
have been one of torment. 

The results obtained with our insect repellents (Ifl) compensated 
Moore and myself for the tortures the mosquitoes inflicted upon us, but 
the enlisted men did not share our entlumiasm. All but one of t h ^ m , 
however, staved with us until the tests were completed. 

We obtained data on the relative merits of several repellents used 
alone and in different combinations (30). As in the laboratory at 
Orlando, certain repellents proved effective on some individuals but 
not on othere, and a miitura of the three most effective repellent chem¬ 
icals proved more effective on all individuals than any repellent used 
alone. We demonstrated that these new materials could be used for 
the protection of our armed forces under Arctic conditions. At the 
end of our testa a secret ballot was taken in which each man was asked 
to indicate whether he preferred to be protected with heavy clothing 
or with repellents. The vote was unanimously in favor of the 
repellents. 

In nil our teats, the number of mosquitoes alighting on a certain 
portion of the unprotected leg or arm was at least 45 per minute. 
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Invariably, the culprits belonged to the goniis Aidas, Tbey repre¬ 
sented three species, J.. cataphyUa Dyer, A. nearctiffus Dyar, and 
excrucians (Walk). We found no convincing evidence that one of 
these spedes was more di£cult to repd than the otliers. 

Ih^eluninar)* iniormation was obtained on the attractiveness or 
repellency of color to mosquitoes. On a bright^ moderately warm 
day when the temperature was in the high 70’a, we asked the soldiers 
to wear black, white, and tan (OD #3) durta. While they stood in a 
row we counted the mosquitoes landing on certain areas on the backs 
of the shirts every 30 seconds for 20 minutes. The shirts were also 
rotated on the several men. Two volunteers bared their backs for 
short periods from time to time. Each 30 seconds, on an average, 4 
mosquitoes lauded on a white shirt, 15 on a black shirt, 31 on a tan 
(OD #3) shirt, and 07 on a bare back Thus it appeared that color 
is of considerable importance in inilueticing the number of mosquitoes 
naturally alighting on a man’s sbirt-clothed back, nearly S times as 
many alighting on the tan shirt as on a pure white one. 

TO ALASKA IN 1844 

So far as was compatible with the eixigencies of war, the office of 
the Surgeon General, United States Army, wanted to get information 
on the Species of mosquitoes in the Territory of Alaska, their relative 
abundance, and the locations where they were and were not important. 
On July 5, 1M4,1 flew from Seattle to Alaska, and during the re¬ 
mainder of that summer I covered about 8,500 miles by air and 600 
miles by automobile in an eifoti to obtain such information. Again, 
the data obtained were decidedly prelumnary ^ even so, we made the 
drst record of the fact that mosquitoes are not a pest on Kodiak Island 
or on the islands of the Aleutian chain. 1 encountered swarms of 
several species of mosquitoes in the vicini^ of Nome, although the 
National Museum had but one prenous record of mosquitoes from that 
northern village (16). Flying north of the Arctic Circle, I found 
hordes of a group of species difFerient from that common 306 or 400 
miles south (11), Inland for 200 miles over the American Bange 
northeast of Nome tlie species were predominantly ditTerent than those 
along the coast in the vicinity of Nome. They also appeared 3 or 4 
weeks later than the Nome Species. On entering the Apassenger plane 
to return to Nome from the American River country, we found that 
literally thousands of mosquitoes had entered the plane while we 
were on the ground. I was disturbed, because I had not brought an 
aerosol bomb along. Imagiue my relief when the pilot reached into 
a box and pulled one out. The Army had learned the value of these 
dispensers of insecticides and was using them in far corners of the 
world- 



354 ANNUAL SEPORT SMITHSONIAN INSTITUTION, 1S47 

While in Alaska I tested some repellents Uiat had been developed 
since our Pludson Bay trials in The mosquito species were 

different, but tlie repellents proved their value once more, and ive were 
happy. In tJie jVJaska experiments with repellents I allowed each 
volunteer host to treat one arm himself with only the directions on the 
container as a guide; then, carefully and throughly, I treated his other 
arm with the same repellent. Our data show that, on an average, 
about 30 minutes’ additional protection is gained when the chemical 
is applied by an experienced worker rather than by the untrained host. 

Tlie return trip to f lie States was by plane over the Alaska Highway 
from Fairbanks to Great Falls, ifont. Eu route I stopped £or°a day 
or two at each o! tile severei airiwrts and had myself driven in a jeep 
from 50 to 100 miles up and down the liighway in an effort to sample 
the ino3(]uito population. However, as it was now late in August most 
of the mo5!]uitoes had died out, so my collections were disappointing. 

DISPERSING DDT SPRATS WITH LARGE AIRCRAET 

As the war progressed westward in the Pacific, the need for a 
modem means of controlling mosquitoes over large areas became 
urgent, ifalaria and dengue were taking a tremendotts toll of man- 
days. DDT, although not proven under practical conditions, showed 
much promise. Amazing stories from our Orlando laboratory began 
to appear in 1943 (£) regarding the effectiveness of this new insec¬ 
ticide. Under test conditions, at least, a material that could be 
applied from aircraft was killing mosquitoes and tlieir larviie in a 
single application (12). I reliminary tests (4) on a small scale in 
the Florida i-alt marshes had produced excellent results. Special 
equipment was soon designed for spreying DDT from various types 
of aircraft. In April 1944 A. W. Lindquist and W. C. McDuffie (7) 
demonstrated in Panama the possibility of killing adult mosquitoes 
in dense jungle with DDT by use of small Navy aircraft equipped with 
devices designed by C. X* Husman^ 

O^ cr lergc! ] unglue these planes ware inadct|uatc because 
of their small pay loads. We began thinking in terms of large air¬ 
craft. Soon an Army project was set up for experimental spraying 
from a C^T with a capacity of SOO gaUons and a R-25 with a capacity 
of 560 gallons. Army engineers designed special dispersing equip¬ 
ment. The tests were to be conducted over typical jungle in Panama. 

In January 1945,18 of ns flew to Panama from Orlando by way of 
Texas, ifexico, and Costa Eica in the two Anny planes that were to 
serve as our spraying machines. Together with two four-man Air 
Forces crews party mdnded four officers and one enlisted man of 
the Army, a chemical engineer from the University of Illinois, end 
four Department of Agriculture entomologiata. 
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Delayed by weathei: and by reguIatio^ls^ tbe flight took 4^4 days- 
Becniise we were flying by contact and had to rernain low enough to 
sight landmarks, we bumped along slowly, in steadily rising tempera¬ 
tures. On the other aide of the fuselage from our bucket seats were 
eight XOO-gallon fabricoid tanks stacked in front of windows. Part 
of the floor of the plane had been remored to make room for the 
discharge pipes leading to the cut-off valve. Sitting on our para¬ 
chutes placed us too high to see weU out of the window^s, but all in 
all it was an iuterestiug trip. 

The Army had invested an immense amount of labor in preparing 
the test plots whei^ we were to make the ejtperiments. Six plots were 
laid out, each 1 m ile long and ^ in He wide, Tltey had to be separated 
from each other by about ^ mile so tliat a spray could not be carried 
from one plot to another by wind. Connecting the plots were well- 
deflned trails; eround them and through tliem in crisscross arrange* 
ment similar trails had been cut^ — through dense jungle. Such tmib 
were necessary because of the rough terrain, the dangerous black spines 
borne by palms of a certain species, and the possibility that personnel 
might become lost. Stakes bad been set at regular intervals on the 
plot boundaries and diagonals. As a result any of us could always 
locate himself and go directly to and from his appointed station 
without undue loss of time. 

Several sheets were spread on the ground witbln each plot that was 
to be sprayed. This enabled us to count the insects that fell at 2-, 4-, 
and 24-hour intervals after tlie spraying and identify them as to species. 
Jlost of the species of insecta were represented by only 1 to 5 speci¬ 
men s each, but in the Diptem various species of Calliphoridae, Sor- 
cophagidae, Tylidne, and Culicidae wer^ obtained in much larger nuuu 
hers. Alore than 50 individuals of each of several mosquito species and 
more than 200 individuals of one were recovered. Specimens found on 
the sheets i^preseuted 53 specii^ of Cbleoptera, including 16 species 
of weevils, and 148 species of Diptero, including 10 species of blow¬ 
flies (14). 

Casual observations of the insect populations in the jungle indi¬ 
cated no change in iiuml)er or species of insects other than mosquitoes 
after treatment. Occasionally large I^cpidoptera and H3inenoptera 
showing characteristic DDT poisoning wore seen on the ground soon 
after ti'catment. 

The Signal Corps: of the Army provided a ground-to-pkne com¬ 
munications syistenij which enabled occupants of planes to keep in 
constant contact wiili men on the ground as they applied the sprays. 
Smoke bombs and balloons were used to indicate plot boundaries to 
men in planes. 

For estimating the mosquito population, we decided upon two 
methods. The first was for 20 teams of 2 men each to count in each 
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plot the mosquitoes loJiding on them in a 2-minute period at dusk end 
another at daisTi. Twice daily for about 5 days before the plots were 
treated and for 14 days after treatment trained members of the Medi¬ 
cal Corps made such counts. The well-defined trails and labeled 
stakes made it easy for tiiese men to find their stations, where they 
promptly began counting mosquitoes when a signal gun was fired. A 
total of 5,501 man-days were employed in preparing for and com¬ 
pleting the tests. The second methodwasuseofstabletraps. Amodi- 
fied stable trap of a design conoeiTcd by E. H. Magoou, of the Rocke¬ 
feller Foundation, was placed in the center of each of the plots, Sef- 
eral times before the spraying was begun we placed a Panamanian 
pony in each trap at dusk and next morning counted the mosquitoes 
that had been caught in the trap during the nighL On the morning 
of our first trial, the stable trap in the plot that was to be treated con¬ 
tained so many mcequitoes that an actual count was impossible. 
The estimate agreed upon was 10,000. The mosquitoes were all owed to 
escape. Thirty minutes later a B-25 roared overhead spraying a 5- 
percent DDT fuel-oil solution at the rate of 2 quarts per acre, Next 
morning some 30 of us—Army medical officers, entomologists, techni¬ 
cians, and others—left Panama City at 4 a. m. and were at the stable 
trap before daybreak. With the aid of fiashligbts we peered into the 
trap to see how many mosquitoes had turned up to feed on the pony 
the night after spraying. We located just 1. The counts were con¬ 
tinued for about 2 weeks and the numbers of mosquitoes rose slowly 
to 200 during that time. The numbers of mosquitoes recorded in one 
plot left untreated were then compared with the numbers recorded 
in the fire treated plots. 

For the first time, specific data were available on the effecdveness 
of DDT spray applied at a known rate upon a population of Anoph- 
eUs, Mannonloy Aede^f and adults. It appeared that within 

24 hours we had reduced by more than &9 percent the adult mosquito 
population within an area of dense jungle 1 mile long and ^ mile 
wide. With that kind of result there was erery reason to believe we 
could control the spread of malaria, dengue, or any other mosquito- 
bome disease within a matter of hours. 

Before the treatment, members of the Army School of Malariology, 
C. Z., had put in several places on the ground small buckets of water 
containing Aedes oegypti (D.) larvae. Twenty-hour hours after the 
treatment, TO to 00 percent of these larvae were found dead. Some of 
the buckets had been placed under heavy or wide-spreading leaves, 
but this protection had not saved the 1 orvae. The results seemed really 
too spectacular; some of the eaperitnenters were skeptical of them until 
subsequent tests gave approximately the same results. 

Two or three weeks after these tests we sprayed an isolated section 
of Gatnn Lake and the adjacent shore line from a B-2!>. AmfheUt 
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aJhimitnus Weid., an efficient vector of malaria in Panama, likes to 
breed in large unshaded bodies of water where the mosslike aquatic 
plant NaUu comes to the surface. This plant foiros a mat of Tegeta- 
tion tliat protects the larvae from wave action and from predaceous 
dsh. In preparation for the Gatun Lake test such an area was 
found, several acres in size. Tedinioiajis from the Army School of 
iialariology took 200 half-pint samples of water from the “breeding 
ground^’ and reported an average of a dozen mosquito larvae per 
sample. A stable trap was set up on the adj acent shore line and baited 
with a pony. At dawn of the day when the B-S5 was to put oat, 
several officers and others visited the trap and estimated that about 
15,000 mosquitoes had been caught, about half of them AnopheUt 
hmanva. The pony was then taken out of the trap, the mosquitoes 
were liberated, and the signal was given for the B-25 to put out the 
spray. Five percent DDT oil solution was applied at the rete of 2 
quarts per acre. That evening the pony was returned to the trap. 
The next morning we found 86 mosquitoes in the trap and found not 
a single larva in 200 samples of water. Again, the kill appeared to 
have been more than 09 percent (13). 

The Army and Navy lost no time in getting this new technique 
out to the islands of the Pacific. Thereby a great deal of suffering 
on the part of our troops was prevented end many, many man-houra 
were saved that would otherwise have been lost to the war effort. 

Our tests yielded valuable information on the kinds of weather 
conditions that are favorable for spraying and on the desirable size 
and distribution of particles of the different sprays. An Army officer 
trained in biochemistry devised on ingenious method for collecting 
di^plets of the spray at lO^foot intervals of elevation from the ground 
to the tops of trees about 126 feet high. He tied several large balloons 
to the end of a stout cord, and at lO-foot intervals along the cord he 
secured petri dishes in which glass slides had been fastened. Hach 
glass slide was covered with magnesium oxide. The pattern of the 
pink- or blue-tinted spray was easily seen on the white-coated slides. 
The size of the DlXl' particles and their distribution were rMorded. 
From this information we could check the amount of spray dispersed 
per acre. 

DDT KESIDnAL SPRATS IN MEXICO AGAINST ANOPHELES 
PSBCDOPUKCriPESNI S 

It was suggested by A. W. Lindquist and others of the Orlando 
laboratory that malaria might be controlled by spraying DDT on 
the walls and ceilings of dwelling and farm buildings. Laborato^ 
tests of pyrethrifts against bedbugs by Lindquist and associates in 
1942 demonstrated the soundness of the residual principle and ^e 
feasibilitv of malaria control with readnnl treatments employing 
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DDT, Field tests J. B. Gahan (5) in that year against Ano^heU^ 
^uadnrnac^tu6 Say at Talkliassee, Fla., and Stuttgart, Ark., dem¬ 
onstrated reduction of adults by at least 91 to 99 percent and of larvae 
by at least 57 to 63 percent. The desirability of treating all the dwell¬ 
ings in a bigblj nmlariuns district became evident. A satisfactory 
location near Cuernavaca, Mexico, was suggested by George C, Payne, 
of the International Health Division of the PockefeUer Foundation. 
We liked Dr. Payne’s suggestion because the malaria vector in that 
locality was a different species of Anopheki and we were eager to 
Jearn whether all species were equally vulaerable to DDT residual 
or surface sprays. In the Cuernavaca area this anopheline breeds 
almost delusively in the rice fields, therefore the larvae are restricted 
to well-defined areas. Several small Mesican villages a few miles 
west of Cuernavaca seemed to offer just the combination of conditions 
we were looking for—a new species of anopheline with regtricted 
breeding habits, an impoverlsljed community, and lots of malaria. 

Early in February 1045 J. B. Gabon (3) was detailed to go to 
Merico and, with the coo£>eration of the Bockefeller Foundation and 
the Mexican Department of Health, treat two Tillages with a DDT 
spray. Two nearby villages were to be left untreated os checks, 

In April arid May a 5-percent DDT water emulsion prepared from 
a concentrate containing 25 percent of DDT, 08 percent of sylene, 
and T percent of Triton X-100 was applied to dwellings at a rata of 
about 1 gallon to each 1,000 square feet (about 300 mg, of DDT per 
square foot). This work was well done by two trained and responsible 
Mexican tedmicians under the daily guidance of Gaban. The houses 
spiayed had walls of adobe, stone, wood, brick, straw, and cane. The 
relative abundance of AinopheUs larvae in the treated areas and in 
comparable untreated areas was determined from samples of water 
dipped in the adjoming rice fields. 

The nombere of adult mosquitoes found in the treated villages after 
May were never more than 2 percent of tho numbers found in the un¬ 
treated communities and were usually less than 1 percent, indicating 
reductions of more than 98 percent. Assuming that a treated viliaga 
and an untreated one used for comparative purposes would have had 
about the same mosquito populations had no sprays been applied, wo 
can say that the DET residues reduced the number of larvae at least 
85 percent throughout a 4-month period. However, if an adjustment 
is made for a difference actually found between the two villages before 
the spniying was started, the decrease is calculated as 94 percent. 

I flow to Mexico City in September 1945 (16) and spent a month 
observing this project just before the work was closed down for the 
season. Mr, Gaban and bis ilexican assistants easily proved to me 
the striking scarcity of adult mosquitoes in the villages that had beeu 
treated and of anopheline larvae in the adjoining rice fields, in com- 
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pansGti witJi their great abundiuice in nearby Tillages and rice delds 
where the sprays had not been applied. 

The reduction of malaria during the first season was diCiciilt to 
estiniate because of the manner in which notifiable diseases were re¬ 
corded, Now, however, after 3 years of treatments, we are justilted 
in claiming a great reduction in numbers of anopheline adults and 
larvae and a signlltcant reduction in incidence of malaria. Also, tlie 
families whose dwelling were treated have been blessed with reduc¬ 
tions in numbers of flics, fleas, bedbugs, cocJtroaches, and other un¬ 
welcome insects. 

THE USE OF A WETTABLE DDT POWDEE IN THE TBOI'ICS 

The early fonmilations of DDT included solutions, dusts, and oil 
concentrates, the last-named intended for dUutlon with water to make 
an emulsion. Each had its advantages and dtsadvantagea. Tliere 
remained a need for a spray that could be used without creating a fire 
basard and one that could bo used safely on animals- 

In 1945 there appeared new products in powder form containing 
various amounts of DDT. These powders contained a wetting agent, 
which made them compatible with water and permitted them to go 
into suspension. Sprays made of wettable DDT powder might bo 
used on foliage, on the surface of buildings, and on animals without 
absorption. They certainly would offer no fire hazard. But would 
they kill insects? Preliminary tests in the laboratory indicated effec¬ 
tiveness equal to that of the emulsion and solutions, although the 
action tended to be less rapid. 

In December 1945 a medical officer of the Ahiminum Co. of America 
called at our office to inquire whether there ercisted a DDT product 
that could be used on dwellings of thatch and rough lumber without 
creating a fire hazard. The company wanted to treat the dwellings 
of its employees in two bauxite mining villages in Surinam (Dutch 
Guiana), South America, as part of its program of sanitation and 
nialaria control. We told him that wettable DDT powders were avnil- 
tiblo but that we had no precise information indicating whether they 
would be effective - that the new formulations looked good but should 
be tested on a practical scale by someone experienced in the use of 
residual sprays and in control of mosquitoes ansi malaria, I could 
see the possibility of an excellent research project throiigh which the 
company might obtain the information it sought and the Bureau of 
Entomology and Plant Quarantine might obtain infoi-raatioii that 
would bo useful to oiir military forces and also to our civilian popula¬ 
tion across the United States. A ooopei-fttive agreement was signed 
bv officials of the Aluminum Co. of America and the United States 
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DeparUneat of Agriculture, and early in March ld46 1 flew across the 
Caribbean again, this time to Surinam. 

It would be hard to imagine a more intriguing place in which to 
carry on mosquito-oontrol research. In Surinam soTeral peoples from 
the Eastern and Western Hemispheres lire ride by side without los¬ 
ing or greatly modifying their identifying cnstoms, speech, or religion, 
and malaria, fllariasis, dysentery, leprosy, and other cotmnunicable 
diseases are common. 

PrimitiTe peoples lire there. I hare been told on good authority 
that far in the interior, near the Brarilion border, a tribe of red men 
still lives In the stone age, withont beneEt of fire. The aboriginal In¬ 
dians belong to the Carib, Arawah, and Warau linguistic stocks. 
They are mostly of pure stock and live in the interior. Bush Kegroes, 
or Djoekas, lire on the upper reaches of the riv^ hut not so far in¬ 
land 08 the Indians. The Djoekas are of pure African origin and ate 
descendants of slaves brought to the colony 300 to 300 years ago. 
Among these peoples the malaria rate is high (17), but X saw no cases 
of filariasis among tliem. Javanese and British Indians were imported 
50 years ago as labor. For the most part they remain true to their cus¬ 
toms, religion, and race. The typical native Surinamers are dark- 
skinned bn t have conridcrable white European ancestry. Among these 
people filariasis is common and malaria epidemics have been serious. 
A few Chinese storekeepers live in the colony, 

Moengo, the mining village where the test was made, is a little para¬ 
dise 120 miles up the Cottica Biver from Paramaribo. Its isolation by 
miles of virgin jungle helped to make it suitable for our experiments. 
The Aluminum Co, of America had built it according to modern hous¬ 
ing standards, and, within certain limits, it was a clean, well-sanitated 
group of homes. I found that mosquito genera and species were richly 
represented and that species of Aneph^t (6), including among others 
A. peasoai Galvao and Inne, A. Curty, and A, osteddoi 

Peryassu were breeding largely in the rice paddies cultivated by the 
Javanese. The common house most^uito, qtdngu^fascUttut Say, 
was breeding by thousands in the water of moats surrounding the foun¬ 
dations of the houses. These moats were supposed to be cleaned at 
regular intervals, but apparently there had b«n ^hnisses.’* 

The fly problem was rather severe. Within a few hours I easily 
found the source, at a farm about a mile from the center of the village. 
There were two cow bams, in which some GO head of milk cows were 
fed and were kept under lights at night as a protection against vam¬ 
pire bats. In an effort to conserve manure the stables were cleaned 
only once in several weeks. Each morning a fresh layer of green grass 
was spread over the manure that had been deposited the ni^t before. 
The fermenting compost served as an excellent medium for breeding of 
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houSB flies. Horn flies, also, were present in great numbers on all the 
farm animals. 

I had brought two kinds of DDT with me. A ton. of a 50-peccent 
wettable DDT powder was for use as a 2,5-pflrcent water snspension 
on most of the houses and bai'ns made of thatch and rough lumber 
and elsewhere on surfaces where the white deposit would not be ob¬ 
jectionable. This spray was also used directly on the milk cows and 
on a few donkeys. Over 90 dogs were dipped in a bath ooutaining 
1.5 .paicent DDT. I had brought along also several hundred pounds of 
technical-grade DDT. This was mised at the rate of 7 ounces to each 
gallon of a refined greaseless kerosene of which 22 drums had been 
brought from the States, Three wheelbarrow sprayers had been 
shipped from the States, two motor-driven and one operated by hand. 
A quantity of flat- or broom-typo nosales, oil-resistant rubber hose, 
and other acce^ries came in and were ready for use a few days after 
my own arrival. 

Tiie main problem was to reduce the mosquito population. 1 had 
chosen five ways to determine the numbers of mosquitoes before and 
after treatments 'With plans sent to the company several weeks be¬ 
fore I left the States, carpenters and mechanics had built three stable 
traps and a rotary-type trap (1). An extra cone of wire screen had 
been provided for use on the fender of an automobile, I brought with 
me a New Jersey light trap. The fifth method was collect by 
hand the mosquitoes that landed on two men hired for the purpose. 
One of these men was a Belgian, an ex-convict from tile French penal 
colony 30 miles distant. The s«:ond was a British Indian. The me¬ 
chanic assigned to operate the rotary-type trap was a Chine®. These 
men and those assigned to me for applying the spray were willing 
and reliable workmea, and to them goes the credit for u big job well 
done. 

The rotary trap consisted of two cones of screen wire rotated 
around a pivot driven by a small gasoline engine. The diameter of 
the couEa was such that each screened exactly a cubic foot of air for 
every foot it was moved forward, i’he pivot was synchronized to 
travel at the rate of 20 miles per hour. The two cones were operated 
about 3 feet anti about 5 feet, respectively, above the ground. ^ 
identical cone trap was mounted on the fender of our automobile. 
By driving this car at 20 miles an hour I could screen 52,600 cubic 
feet in 30 minutes. The two cones, when operated 30 mitmees, 
screened twice as many cubic feet of air but in one spot about 10 feet 
in diameter. At the small end of each cone I attached a cloth bag 
having a bottom of fine screening. As the cones moved forward at 
the rate of 20 miles an hour the cloth bags were stretched out parallel 
to the cones. At the appointed time each bag was taken off the cone 
and placed in a jar containing a piece of cotton saturated with cbloro- 
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form. In this maoner 1 collected a wide rariety of mosquitoes oml 
other insects. (On one occasion I CRught a btit.) 

Witii the aid of D. C. Geijskes, an entomologist from the Surinam 
Agricultural Experiment Station, in Paramaribo, I selected five eco¬ 
logical habitats in which to oporato the traps: (1) At the cowharns, 
in a low pasture closely adjacent to swamp jungle^ (2) at the center 
of the village, liigh and well drained ; (3) in an opening in the jangle 
halfway between the village and the rice-paddy section; (4) in the 
midst of the rice-paddy section; and (5) 3 miles distant at the edge 
of n Djoeka village. In the fifth envii-onmont, it was found, the cone 
traps could not be operated. 

The first week, I collected as much information as I could on the 
mosquito, fly, tick, fiea, bedbug, and cockroach populations. Then 
1 began spraying tlie houses, outbuildings, and cattle. 1 started 
with the cowbams and cattle first in an effort to retluoe the number 
of flies that were finding their way to my dining table nearly a mile 
distant. Every square foot of walls and ceiling of dwellings and 
outbuildings ti'as sprayed. Within a few days the fly nnisance was 
no longer a problem. Horn flies and houseflies were actually difficult 
to find. 

Various tests demonstrated the effectiveness of the new DDT formu¬ 
lations against mosquitoes, cattle ticks, chigoes, fowl ticks, oock- 
rouches, bedbugs, and other insects {19). A sheet of white paper 1 
yard wide and 2 yai'ds long laid down in the comer of a cool, sheltered 
garage was examined daily for dead mosquitoes. Every day several 
mosquitoes that had come in contact with tlie DDT-lreatcd walls fell 
on this paper. Over 900 mosquitoes were taken in a light trap over^ 
night iwfore the village was sprayed. Beginning 2 or 3 weeks later, 
for several months this light trap caught only a few dozen mosquitoes 
at most. All the collecting devices in three of the stations show'cd a 
marker] reduction of mosquitoes. At the fourth station, in the clear¬ 
ing hnlf^vay between the village and the rice paddies, there was no 
reduction of mosqaitocs; here there were no buildings, no cattle, and 
consequently no DDT applications within several hundred yards of 
the collecting devices. The few data we obtained on the numbeis of 
mosquito larvae in the rice fields did not indicate any reduction. The 
most positive control of mosquito larvae with the wet table DDT 
powder was in the moats around the pillars of the houses. As nearly 
as I could evaluate the control here, the eradication of OaUiE fiu'n- 
quefasdatva larvae was lOO percent and remained fio when I revisited 
tlie village 10 months later. 

I returned to Moengo to evaluate the DDT treatments in January 
1947. Some of the results were beyond our fondest imagination. 
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The nuisance of mosquitoes in the village was gone. In tlie rice-paddy 
area thev had been absent from the dwellings for several months but 
wore being noticed again. An otFer of casli for living bedbugs found 
no taket^. Horn flics and the fowl tick, as nearly as I could determine, 
were eredicated. Cockroaches were not eliminated, but the previo^ 
population of the American cockroach appared to liavc been reduced 
about 90 percent In Jlarch 1946, after spraying one house I counted 
some 550 dead ones. In February 104T, after spraying this house 
again, I counted 49, most of which were unmatare individuals. Ticks 
oil the cattle were greatly reduced but were not eradicated by any 
means, (The cattle had been sprayed each month from Marcli 1946 
to February 1047.) All evidence indicated a lOO-pci'cent reduction 
of chigoes bleeding under tlie houses in the crushed bauxite# 

The most convmcing evidence of the effectivenesa of the ivettablo 
DDT powder was obtained in the house in which I lived during my 
first visit to Moengo, The walls and ceiling were sprayed with a 2.6- 
percent suspension of the new formulation, although such treatment 
leaves an. unsightly white deposit. The bouse next door was sprayed 
at the same time with the 5-percent DDT oil solution. Bimonthly 
reports coming up from Surinam showed that die wettable powder 
treatment remained effective longer than did the oil solution. One of 
the first tests I made on returning to liloengo in 1947 resulted in cap¬ 
ture of 4,000 to 5,000 living mosquitoes in a stable trap. Half of these 
Were placed In each house one morning at 0 a, ni. Sheets had been 
laid on the floor of each house, along the walls and in the corners, to 
catch the mosquitoes, if any, that fell. At 5 that evening we reentered 
the houses. Where the wettablc DDT powder had lieen used, we found 
hundreds of dead and dying mosquitoes on the sheets but none that 
were able to rest on the walls. Ten months after application in a hot 
and humid climate, this potent insecticide was still killing mosquitoes. 
In the other house we found doaens of mosquitoes that showed signs 
of DDT tremors hut also hundreds on the walls that appeared well 
and healthy. Fifty hours later I saw two living mosquitoes there 
that appeared not to Imve been harmed. 

Tha crowning piece of evidence that DDT liad really taken hold 
in Moengo was delivered to me by William Asgertili, the British Ind ian 
boy who had been assigned to me on my first visit there. Bill took 
care of the traps and counted the mosquitoes during the months be- 
tw'een my visits to Surinam. He was my mtcriii'eter. guide, tech¬ 
nician, and faithful friend. Wlien I steppetl off tlie boat at Sloengo 
in January 194? ho greeted me with “Mister, one of the Djockas named 
their baby boy DDT” (18). 
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THE PRIMARY CENTERS OF CIYILIZATIOK 


By John E. SwantOn 

CoEla burxi f liurcaii ijf Eihnoloif^ 


If civilization ia produced^ or induced, by biological factorsj factors 
in the natural environment^ or factors in the cultural envdronmentt 
Li study of the several centers where it originated may enable us to 
isolate these and u$e that knowledge for the hencSt of the race. 

But at the outset it is somewhat difficult to determine the exact 
number of culturjil or civiliaational centers with which we have to 
deal since the archeological survey of our globe is still incomplete. Tet 
certain general sUtenicnts may be made. Taking the Eastern Hem¬ 
isphere firstj it would be pretty generally agreed that one such center 
existed in Egypt^ a second in tho Tigtia-Euphrates Talley, and a 
third in the valley of tbs Indus^ while most would probably be willing 
to add a fourth, in northern China. Elsewhere in and near the Iranian 
Plateau, however, in Syria and Asia Minor and in tJie island of Crete 
there were higher cultures of an antiquity nearly as remote^ The 
site of *lnau north of the Elbruz has shown a series of archeological 
type:^ which seem to parallel in antiquity those of India and the twin 
rivers, and almost as much may be said for the remains in Crete^ Tliis 
lost center, although undoubtedly dependent on the cultures of EgjTpt 
and Asia^ shows from an early age such esthetic uiaturity as to incline 
one to give it semi-independent position. As to the rest, it is clear tliat 
although they pursued in the main an independent course of develop* 
ment, they yet indueiicod one another at tinies in a very marked man¬ 
ner. Thi^ is not so evident in the cose of China, hut sinologists gen- 
erally hold tlmt China was in its beginnings subject to strong influ¬ 
ences from tlie west 

In tlie ‘Sew World we have another series of centers lying, as in tlie 
case of tile Old M^orld, along the main mountain massif of tile oon- 
tinent and nut far from its center. Here, however, it would be gener¬ 
ally agreed that two aland out above tlie rest, in Central America and 
in Peru, although there were a number of secondary foci and these 
two centers tliemselves show considerable complexity, 

In the present study* of these several culture centers we shall have 
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to leave largely out of consideration tbAt represented by Anau wiucli 
calls for more supporting material as the surrey of northern Iran is 
pursued by undertakings like that of Krognian on Tepe Hissar. 

To begin with the westernmost of our centers, Crete (although ad¬ 
mitting that it is doubtfully entitled to a primary position), we dnd 
it generally agreed that the physical type of its inhabitants was what 
has been calleil Mediterranean, dark and dolichocephalic. This was 
partially displaced and its culture orerthrown by a brachycephalic, 
Anuenoid type connected with the Alpines of Europe, These brachy- 
cephalic people constituted one of tlie chief Greek strains, and the 
partial substitution of one for the other ^owa that both are capable 
of supporting high civilizatioiiE. 

Most of the ancient Egyptians were dolichocephalic. The brain 
cases of the ptedynastic Tosians and Merimdeans are said to have 
been wide. Those of the Bat^rians, Amratians, and Xatufiana, who 
succeeded them, were narrow. The Badariaiis are also said to have 
had just a hint of the Negroid or South Indian about them. Xn the 
dynastic period a larger and more robust but still dolichocephalic type 
makes its appearance in the royal tombs, and during the epoch of the 
third dynasty a brachycephalic Armenoid type becomes prominent 
among the upper classes. Petrie distinguishes as many as six racial 
types among the enemies and followers of ilenes, Tlte earliest Sume¬ 
rian skeletal remains suggest a long-headed type, and two long-headed 
typ^ have been found at Kish, but at that site there also appear 
Armenoids. These last were probably contributed by the Hurrian 
or Japhetic papulation. Our knowledge of the physical types con¬ 
nected with the Indus culture is tJiua summarized by Childo: 

Tile of was ; file 

and flg^lned diidoulitcdlF belong to Bev<?nLl pbyBlcolIy distinct types. At tJie 
of the socEal &calo came a primitive AUBtroJold stfX!k; Uie Ihiclc llpis and 
poEr£e muse el a little bremsse Btotuetto dlaclose at once the klaedilp of this gmiip 

the Borvlvitvg abarlglnal tribes of Southern lodLa and the position which it, 
like itf modern repr^wentatircs, occupied In tho community. A type* 

loDg-hcaded hkp the last, hwi beea tertaed Eurafrlcan or even MedltorrahOim* 
It woma to nppnjsdinaie to one of the I0119-headed Sumerian types and the 
sloillarLtj fa accentuated In the portrait statues bj the beard, shaven upper lip» 
and lao^ hair done up In a hun behind quite In Sumerian fttahlou. Thirdly, u 
hraehyoephsUc Alpine or Anuenoid ty^pe Is represented as at Klah In Akkad. 
Ftnolly, a sln.K]e ^eletnn and second clay tfaarLaes belong to undoubted Mongols 
ar Mongoloids, the earliest dnted examples of thla ractol type yet detected. 

It is ft fair j^es^ tlmt the people mainly responsible for Indus 
cWilizfttion weira Eiirafricans, and if wo arc to fts^iate vitality as 
ciTEli^ation producers with physical typSy the dolichooaphfllic people 
usually CftUod Mediterraueftiia would seem to hare most of the> facts 
in their favor sinca they vb^j predominated in Crete, in Egypt, at 
the head of the Persian Gulf p and probably in the Indus Valley* How- 
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the circiunstaiLce that a brachycephalic^ Annenoid type makes 
its appearance in Egypt in the Third Dynasty and ^^in the tipper 
classesj^ the greater significance now attached to the Huriian broad- 
heads in the Tlgris-Euphrates Valley and the fertile crescent as a 
whole and the neighboring highlands^ including the Hittiteaf the 
pronounced brachycephalic element among the Indus people^ and 
above all the attainments of the hrachycepholic Greeks, indicate just 
as clearly that they were perfectly capable of taking over a high 
civilization and even, as in the case of Greece, improving upon it* 
Whatever doubts may remain as to the abilities of brachycephalic 
people as dificovererg and inventors are removed, however# when we 
turn to the remaining centers of civilization. The Chinese are among 
the most typicaDy brachycephalic people in the world- There are and 
have been from a remote period doUchocepheJs in eastern Asia, but 
evidence ie as yet lacking that tliey originated Chinese civilization* 
In the Kew World, at any ratCi the higher cultures are decusively 
associated with brachycephaly. Th^ Maya may be mentioned at ouco, 
and in the secondary culture areas along the Mississippi Valley and 
on tlie Jfortf 1 Pa dfic coast brachycephaly is very prevalent It is again 
markedly in evidence among the Quechna and other advanced tribes 
of northwestern South America. On the other hand the hunting 
peoples of northeastern North America and eastern South America 
usually arc dolichooephalie* The concluBion seems evident that head 
form, patiudogienl cages aside, has nothing to do witli cultural status* 
Indeed, if that were the case, artificial head-deformation, which often 
distorted the occiput vastly more than nature varied it, slionld have 
had II more marked effect on the intelligBiice of tribes which practiced 
the cuatomi On the contrary^ many of them* such os the Aynmra, 
Maya, and Nateiiez, were among the more advanced peoples^ 

Nor do we find, allowing for the later dale of those in the New 
World, any marked differences between the several culture centers 
when we compare their contributions to civilization* Emmer wheat 
was cultivated by the Egyptians, and bread wheat by the Sumerjans 
of the Tigris-Euphrates Valley. Both ol^ had barley. Wheat and 
barley were cultivated by the Indus people and they may have raised 
rice which, in any cose, originated in India or China. The great 
American contribution to the staple cereals was com, and they also 
gave us various species of beans and squashas- Olive culture is thought 
to have started in tlie eastern Egyptian delta, but on the other hand 
the Sumerians and Indus people cultivated the date palm. FI as was 
raised by the Egyptians and Sumerians^ cotton by the Indus people, 
Maj^a, and Peruvians, and the Chinese contributed silk to the textiles 
of the world. Cattle, sheep* and swine were already domesticated in 
Egj^pt in predynoetic times and apparently in the earliest periorl in 
Sumer. Humped and humpless cattle, buffaloes, sheep, fowla, and 
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eJepbatits wm domesticated by the people of tbo Indus seem not 
to ha 76 bad swine. Asses were also known in Egypt and Stxmeria 
from a remote period^ bat horses were introduced from Central Asia 
much later and wens taken up most enthusiastically by the people of 
the two rivers* In tJiis particular the New World was much behind 
the Oldn Nearly all of its tribes including the JWaya had dogs, but 
they were of veiy limited ntility* The PeniTians with their herds of 
llama and alpaca were somewhat in advance of the rest- 
Stone masonry was, of course, ftirlher developed in ^ypt than 
in any other Old World center except Crete, the Sumerians and Indus 
people depending on brick. In the New World Uie Peruvians were by 
ail odds ^e best masons* Copper seems to have been known to the 
Egyptians and Sumerians at an early date, but bronze was employed 
first by the latter and by the people of the Indus* The Indus people 
also prepared an alloy of copper and arsenic* In the New World 
copper wEta widely known and considerably used, but we do not know 
where it was first employetL The Peruvians had learned to make 
bronze, and it is believed to have been invented independently by them 
though it appears also in Central America, 

The plow was independently invented in Egypt, Smneria, and 
China, and the foot plow was known to the Peruvians, The potter's 
wheel seens to have been used earlies~t in Sumeria and India, and tlia 
wheel for vehicles appeared first in these centers or the intervening 
territory* We apparently owe the true arch and dome to the Sumerb 
ans. The invention of glaiss is attributed to tlie Egyptians, but the art 
of glazing goes back to the earUest Sumerian epoch. To China we owe 
the mariner's compass, block printing, rag paper, paper money, playing 
cards, procelain, and gunpowder* To medicine Peril has made two 
notable contributions, quinine and cocaine* Chocolate com^ from 
Central America ^ tea, from China or India. Tobacco is again an 
American product, but we do not know at what center it was first 
taken over by man* A boat used by the Egyptians }n predynostic 
times i s regarded by many as the ancestor of all later ships, Su merians 
had discovered at a veiy' early date the principle of the modem ax- 
head perforation to admit tlie handle. 

The rebus system of wTitjng was evolved independently in all these 
centers except apparently Pom, where its place w as taken by the device 
of the quipn. Our alphabet comes from Semites, who derived their 
inspiration, it is generally held, from th& Egyptian hieroglyphs* It 
ia also believed at the present time that the Maya hieroglyphs had 
evolved to the threshold of phonetic representation* 

The Egyptians seem to have been the first geometricians, and they 
led the Old World in the development of an accurate solar calendar 
of 365 days. Incidentally they gave tis our earliest fixed date, 4S4l 
B. C*, but the Maya independently, though later, evolved a calendar 
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(Kjually accurate. The Sumerians and tlieir Semitic successors, on the 
other hand, surpa^d both in astronomy in spite of having associated 
it with sstrologj. They identified five of the major planets, and could 
predict eclipses with a high degree of accuracy. They intioduccd 
the use of degrees, minutes, and seconds^ divided the day mto M 
(originally 13) hours, and the circle into SfiO degrees and were the 
originators of the Zodiac. Breasted states that “the earliest kJH>wn 
literature of entertainment was produced in the Twelfth Egyptian 
DjTiasty, 2000-17S8 B. C.,’* and ha also claims for the Egyptians the 
doubtful honor of having created lha first empire in the world, 1580- 
1350 Bp C. Philology apparently received first serious study in India, 
but that probably did not go bade to the Indus cuHare. The same may 
be said of Hindu philosophy and religion, tliough it has been demon¬ 
strated that its non-Vedic elements stemmed from the Indus. India 
is also supposed to have infinancad the second great center of philos¬ 
ophy in the ancieut world, Greece, through Py^thagoreaniem, but it is 
probable that Greece also drew philosophical iuepiration from the 
cultural centers nearer at Uani If we attempt to cliai^acterize the 
governments of the several centers, we may say that Egypt, the Inca 
Empire, and to a certain extent the Maya impress us as theocratic 
desj^otisms, Sumeria as a group of military Btates^ Crete as a Lrading 
empire, and the Indus culture as one finding its outlet lu communed 
civic enterprise. 

Something has already been said regarding the physical types of 
the occupants of the severu I cultural areas. Let us now take a somewhat 
broader world view of this subject. The first classification of liuman 
races to receive wide acceptance was that of Blumenbach into the 
Caucasian or IVhite, Mongolian or Yellow, Ethiopian or Blacky Ma¬ 
layan or Brown, and American or Ked. Cuvier reduced the^ to three: 
White, Yellow, and Black; and Huxley recognized five: Ausiraloid, 
Mongoloid, Negroid, Xanthrochroic (yellow-haired), and Melanoch- 
roic, Haeckel based his classification on hair texture, and gave the 
follovvitig divisions; Wooly-haired (subdivided into fieec^lmired 
and tufted-haired), and smooth-haired (subdivided into straight- 
haired and curly-haired). Betzius based his on types of heads and 
prognatlusui; narrow' heads and projecting jaws, narrow heads and 
straight jaws, broad heads and projecting jaws, and broad heads and 
straight jaws. Tlie American anthropologist, D. G. Brinton, set up the 
follow^ing groups; The Eurafrieau race (including a north Mediter¬ 
ranean and a south MediterrancHn branch), ihe Austrafrican race 
(inclmling the Negrillo, Negro, and Negroid branches), the Asian 
race (including the Sinitie and ihe Sibiritic branches)^ the American 
race, and Insular and Littoral peoples (including the Nigritic, Malayic, 
and Australic branches). 
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P. Muller and Latham classified by language and Wait£ and Hat^el 
by progress in cult ura. I'hese^ of course, are uot classifications of races 
at alt 

In his classic work on '*The Races of Europe^ Ripley laid down a 
trinal grouping for tliat area which has affected all later studies. 
These three are the tall, fair, dolichocephalic Nordics centering about 
the Baltic Sea, the brachycepbalic Alpines in the central part of the 
grand dirision, and the dark, dolichocephalic Mediterraneans about 
the sea of that name. 

In more recent years Dixon attempted a sweeping change in bio^ 
logical classification by dividing all peoples in accordance with three 
indices, the length'breadth index, osuaLly called simply the cephalic 
index, the height of the skull, and the nasal index. Different com¬ 
binations of these yielded him eight races which he called Caspian, 
Mediterranean, Proto-Negroid, Proto-Australoid, Alpine, Ural, Palae- 
Alplne, Mongoloid. His system has had few followers or imitators, 
the tendency being to return to simpler categorizations more nearly 
like those of Blmnenbach and Cuvier. Thus Sroeber gives us the 
following: Caucasian or White, Mongoloid or Yellow, Negroid or 
Black, of doubtful classification Australian; Vedda, Irula, Kolanans, 
Moi, Samoi, Toola, etc.; Polynesian; Ainu. In other words, we have 
three great races and a wastebasketf ul of odds and ends. Soma would 
probably add tlie Australoid to the three ma]'ocs, and some would fit 
all the odds and ends into the three-race pattern, in effect a return to 
Cuvier. Boos is inclined to make two major divisions of mankind, 
a Northern Fair and a Southern Dark, and to consider the Whites and 
Yellows first major subdivisions of the former. 

The troubles of would.he classifiers show at least the difficulties 
attending the attempt, and indicate at once that races do not fall 
spontaneously and readily into a set of clearly indicated patterns, yet 
the fact that from two to four somewhat vaguely defined grand ^vi> 
sioDs can be made out and have been specified by several students shows 
that there is ‘^something there.” It is only when we attempt to draw 
boundary Unas rigidly about them that we get into difficultiee. 

Now when we come to compare our culture centers with these racial 
divisions we find that four of the former, Egypt, Sumeria, Crete, and 
the Indus Valley, fall within the boundaries generally assigned to the 
White race and one within tlie boundaries of the Yellow, while the 
American cultures, once assigned to the Red race, must be added to the 
Yellow in the more general categorizations. It is noteworthy, how¬ 
ever, that all tliese primary culture areas were tenanted by dark peo¬ 
ples, not by ultrahlacks or ultra whites. Qobineau’s preposterous at¬ 
tempt to attribute Central American and Peruvian civilizations to 
colonization by prehistoric Whites of course has no basis in fact. 
There was probably a Nordic strain in Greece, but since we know that 
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Greek civilization received Sts gtimulus from Crete, Egypt^ and western 
Asia, and not from the norths any such ^ram could have had no 
significance for the primary civilizing effort. Tiie inhabitants of 
those three regions belong to the darker subdivisions of the White 
race, those which approiiniate in some measure the Yellow peoples 
of eastern Asia and the Blacks to the south. In a trinal classifica¬ 
tion four centers* Egyptj Sumeriaj Crete, and tiie Indus, may with 
the reservations just given be attributed to the Whites; and three 
others, China, Central America, and PerUi to the Yellows. 

If we fall back upon a dual clarification* a Northern Light race 
and a SoutJiem Dark one, the centers of civilization fall within the 
former. However, any deductioii regarding inherent racial ability 
has to be qualified immediately fay the admission that none of these 
centers was in territory occupied hy the ultra white subdivisions. All 
are among darker Whites and among YellowSi In Egypt and the 
Indus, moreover, we have to admit the intrusion of a Negroid strain* 
Apart from the above-noted slight advantage which light strains 
seem to possess in a dual classification of mankind, we may say that 
the primaiy centers of civilization diow diversity in physical type, 
language, and general culture, and that all have contributed to the 
sum total of human attainment* Moreover, there is evidence of 
heterogeneity at an early period in the population of these centers and 
subjection to heterogeneous influencea from without* As we have 
seen, at least two types made their appearance in ptedynastic Egypt, 
three at Kish in Babylonia, and three or four at Mohenjo-daro in the 
Indus Valley. We may add that Egypt lay on the edge of the Ha mi tie 
family of languages and had constant dealings with both the Semites 
and Hurrians, Sumcria lay between tlie Hurriang and Semites and 
had constant dealings with the Indus, and the Indus Valley lay be¬ 
tween tlie Dravidians and Aryans with Mongoloids not far to the north. 
Both of the Chinese culture cetiEers postulated by Eberhard lay where 
three culture areas come togetlierp In the New World the Maya 
country was between the Uto-Aztccan peoples—with whom they were 
perhaps connected—and tribes with cultures following South Ameri¬ 
can patterns* The Peruvian area really contained two cultures, one 
belonging to the interior and one coastal, the latter, and perhaps the 
former as well, consisdng in turn of several minor eenters* 

The question thus arises whether human culture in thesso areas did 
not respond to influence other than those of race. There were no 
Blacks or Whites in the New World to affect culture either way* In 
the Eastern Hemisphere all primary culture centers lie in eemiarid 
areas between 25^ and 50'^ north latitude and toward the center of the 
land mass of the continent. The fact tliat they lay far north of the 
Equator has given ti^ to the supposition that cliinate had much to do 
with their origin. It has been claimed that a temperate climate fur- 


374 ANNUAL REPORT 6MITH80NIAN INBTITDnOK, 1947 


nished the necessary eltmtibtion discouinging human energy neither 
by its eneTTating ’warmth nor its partly^ing cold. 

Without denjdng that climatic influences played a part here, atten¬ 
tion should be called to one other factor not as yet suificiently empha¬ 
sised. This is the possibly relative nearness of the Old World cultural 
centers to tlie original home of mankind- It might natumlly be as¬ 
sumed that in moving outward from any given center the tribes which 
went farthest would have least leisure in ’which to make themselves at 
home in their en’rironinent and build up elaborate adJusUnents, L e., 
civilizations^ within it. But when ’we note that^ although the New 
World ’was populated at a late periodic centers of civilistation not much 
inferior to those in the Eastern Hemisphere had appeared there in a 
relatival}^ brief section of the human time scale, we are warned against 
laying too much stress on this particular factor- However, it remains 
trtie that Old World civillzatioTia lay in regions where some of tha 
oldest human skeletal material has come to light* Other materials of 
this kind, including the Piltdown man of England, the remaiua of 
early man in South Africa, and PithecantJirapm cnecfwj, are remote 
from these centers, but if a point is selected central to the area 
delermine^l by them and asnei^rly equidistant as possible from them it 
will bring ue to southwestern Asia and India* It is, admittedly, much 
too early to dogmatize as to the earliest home of our race. Asia, 
Africa, and Europe each has its champicna, and at any moment some 
new discovery may indine the weight of evidence to an entirely nmes- 
pected quarter* The onlv thing that seems reasonably certain is that 
mankind is of Old World provenience. However, south’westem Asia 
and India happen to lie about midway of the oldest human remains* 

Central Asin has been one of the spots most favored by searchers 
for human origins. It attained its first prominence os a result of the 
early studies of Indo-European languages, although of course the 
speakers of those languages were only a portion of the human race, and 
in more recent times it has been recognized that the spread of languages 
and the spread of peoples may follow entirely different paths. Never¬ 
theless, Central Asia was taken up by the biologists^ particularly 
under the stimulus of the late Prof* Henry Fairfield Osborn and his 
followers, and still exerts a powerful influence among both biologists 
and anthropologists- It was made to fit very neatly into the wave 
tlieories of race movement of such men as Griffith Taylorj and seemed 
to be strengthened markedly by tbe discovery of China man. 

At this point, however, we may intrCKluce another line of evidence 
which may have some bearing upon the que^ion. In the evolution 
of animal forms it is usually assumed that the generalized typos pre- 
codod the specialized;, and that the main stem of evolution consisted 
of forms retaining the ability to adapt themBelves to a greater range 
of situations than the rest. The specialized forma given off by these 
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are believed to Iiaye continued to reproduce in tbe environments to 
which they had become adapted and to have died out if radical 
changes in such eoviromnents took place. Under perfectly uniform 
environmental conditions it might be assumed that new species^ 
genera, families, orders, and so on would spread wave-fashion from 
this center, but ostemal conditions introduce tpcidifications in any 
theoretical pattern so that considerable samples of these forins are 
found from center to circumferenoe* In numerous cases, in. fact, 
earlier and later forms persist in the same environment* In large 
areas like continents we should eipect differentiation to extend over 
considerable areas Emd to bear some relation to the eompleteness of die 
sepurotioii between continent and continent and the time when such 
sepaiuting occurred* 

In volume 5 of Bartliolomews Physical Atlas the following zoo- 
gcograpbical provinces are indicated, based upou earlier work by a 
number of students and valid in the main today: 

Thn Palueai'cilc Incladlci^^ all af Euraiilfi exLvpt liiUIat ladcHQhlQD^ and 

Eoutliarn Ctilun; the Ethiopian inclaaia^ Africa aoutb et ttic Isatiara aiaJ 

soutbem Amble ; Uie OrleDtet redcap iDcludina nearly oU of lailte, indochliiap 
eouthcrii Qhliuip nnif the nearer Eofit UidLeB; the AustmllJi}) m^on, IncJodlne 
Au^trall&p Tamnaola, New Zealand^ the rilast ladloj ftom t!he eastem end of 
Java to tbo Solouion lainndap nod Po]jnesia i the Xenrctlv resloD^ indadlD^ aU 
of Cumidap AlikAlcap the United and oerthem Mevieo with a tOBaue of 

iaad down tho Mexleaa hL^hland^ to ihe E^thoma of TebuaateL>cc; ahd the 
Keo^ropIcAl region, IhCludEng the rest of central and aontlkeni XieilcOp Centiml 
America^ and ^nth Atnerlcn. 

It is undoubtedly signlhcant tliat the number of these regions is 
exactly equal to the number of grand continental divisions, and in some 
at least we can account for dteir differentiation by the isolation 
of the continent in question at a particiitar period in its history. Thus 
the Ausirulifm region owes its peculiar land fauna to tlie fact that it 
was set apart from Asia by the Wallace Beep shortly before the appear¬ 
ance of placental mammals^ Congidembly later South America was 
separated from North America by the submergence of the Panamanian 
section, although North American fauna intruded into it when union 
>vas reestablished. Again, the fauna of North America is known to 
re^mble that of the Palaearotk region owing to the existence of a land 
bridge which persisted to u much Inter period than the Central Ameri¬ 
can bthmus. The African region has been differentiated from the 
Palacarctic in part by the interposition of the ^loditerratiean but still 
more by the sea of sand which we call the Sahara^ Farther east the 
Palucaretic and Oriental regions have acquired their differences in 
part owing to the interpoeidon of the Indian Ocean which once ex¬ 
tended entirely through to the Arctic and in part by the great deserts 
of central Asia which ^cceeded. 
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The two last-mentioned regions and the African region very nearly 
come to a comer in sonthwestem Asia^ the Africaji extending as 
far east as Oman while the Oriental region includes tlie Indim Valley. 
The Iranian Plateau intervenes as a tongue of the PalacarctiCj and 
separates not merely the Ethiopian and Oriental regions but many 
related stocks of the higher fauna as wellj including civets arid ichneu- 
moTiSf chevrotains, pangolins^ false vampire bats^ elephants^ wild asses^ 
buffaloes, lemurs, and Old World monkeys. Particularly it severs the 
present habitats of the anthropoid apeS;^ tnati's nearest relatives. This 
fact indicates some intermediate point as a probable center of distri- 
butiouT and has given rise to the hypothesis of a former continent in 
the Indian Ocean which has been called Lemuria since the segregation 
of the lemurs is particularly striking. Without creating a new con¬ 
tinent, I think economy of movement calls for an intermediate center 
of origin. If our area^ were ranged concentrically, we should be 
justified in supposing that the one on the periphery woa the oldest and 
that nearest the renter the youngest, and this is measurably true of the 
Australian and New World regions, but the three othere are placed 
radially and not concentrically, A center in western India or south¬ 
ern Iran would therefore be nearest to the greatest number of organic 
forms and involve the least motion in bringing them to their present 
babituts^ We might imagine one genus to have originated at one end 
of their later habitat and spread lineally to the other, but to suppose 
two to have done the same thing and to have covered practically the 
same territory moving in the same direction would be less likely; with 
three, four, or more the unlikelihood increases rapidly. And if the 
region indicated gave rise to the higher animal forms, the argument is 
good that the same was the case with mankind. 

Culture centers need not necessarily have arisen near the very spots 
which witnessed the birth of mankind, but retative nearness to that 
spot is to bo cscpectod. Anotlier argument for south western Asia, how¬ 
ever, is the fact that culturea are apt to appear where |>eoples are sub- 
jeeted to a variety of environmental influences or to racial admixture* 
Thus, the high spot in the aboriginal Northwest Coast culture in Amer¬ 
ica came just where racial and linguistic diversity was mo^t pro¬ 
nounced. The same was true of Southeastern culturCi and we have to 
remember that the Ehicblo culture of our Soutliwcat existed among 
people belonging linquisticolly to four distinct stocks. Similarly we 
End that the Bfaya lay between cultures and languages wliich are dis¬ 
tinctly North American and others dearly connected with South 
America. InaaiCj and the earlier Tiahuanucuan culture arose side by 
side with two or three somewhat diverse coastal manifestationsL We 
may add that the Maya also lived very nearly on the boundary between 
the Nearctic and Neotropical biological regions and that two of the 
principal HUbregjoiis of the latter, the Braiilian and Chilean, are 
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bounded by a line catting through Peru and Bolivia from north to 
aouth- 

Ketuming to the Old World we note that the boundary between the 
Oriental and Palaearctic regions cuts directly through the Indus cul¬ 
tural center and that the boundary between the Palaearctic and Ethi“ 
opian regions crosses the Nile close to Upper Egypt. The Sumerian ^ 
Cretan, and Chinese centers lie considerably north of the southern 
boundary of the Palaearctic zone in the geiteral map of BartholoinoWj 
but on the maps of some zcx>geographers they Ue moch closer. 

CONCLUaiONS 

From the foregoing discussion it appears that the higher civiliza¬ 
tions have made their appearance and have spread among peoples of 
varying physical types and that these centers have contributed to the 
higher culture of mankind in about equal maasurei. If the races arc 
ranged in a dual categoryj Northern Fair and Southern Dark, the 
centers of civilization fall within the former as usually defined, hut 
in all cases among marginal peoples, not far from the boundaries of 
the darker races. If it is true that no primary center of civilization 
arose among the ultrablacks, it is equally true that none arose among 
the ultra whites. In one or two of these centers, moreover, thei^ was a 
mack strain at a very early periods Some of the^ centers—Egypt, 
Sumerla, the Indus—sliow early evidences of considerable hetcro- 
geneitji and all of them signs of trading contacts with the outside 
worli 

There is thus evidence that factors other than race weco responsible 
for the position of these cultural centers. All of them show signs of 
contact, and none of those in the Old World, escept the one in China^ 
is far from the Plateau of Iran where three of the principal zoogeo^ 
graphical areas come together. This would seem to be a natural point 
from which life forms spread os indicated by their present geograph¬ 
ical distribution. Although skeletal remains of primitive man have 
been found at widely separated points very far from the region under 
disMiasion, it is a fair question whether the distribution of animal life 
may not indicate the actual center more accurately, and that there is 
reason to look for the groat cultural centers of mankind in the same 
general territory. 

A Bummary of the foregoing discussion would result about as 
follows: 

1. The primaty culture centers lay among people of both dolicho¬ 
cephalic and brachycephalic head form and among those who were 
intermediate in pigmentation. 

2. They were in warm temperate latitudes, 

3. They were in areas containing heterogeneous populations or close 
to areas of divergent cultures. 
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4* Their contributions to civilization were fairly equals allowing for 
the distance which separated American civilizations from the rest and 
the consequent handicaps under which they labored* 

5. The centers in both Old and New Worlds lay near the central 
portions of the continents and close to the main mountain chains. 

6* The Old World centers (except perhaps that of China) lay near 
the junction point of the three most important zoogeographical areas 
north of the Arabian, Sea and rather distant from Central Asia, the 
favorite racial homeland of so many theorists. 

T, Thffie (inters of civilization apparently depended on factors other 
than those of race. 


THE RYUKYU PEOPLE: A CULTUR^iL APPRAISAL 
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[WItb 0 plateij 
INTRODUCTION 

As Unitfid States forces conquered island after island m the Pacific?, 
hitherto obscure peoples suddenly became headline news. Such a 
people t^'cre the Ryukyuans wlio were living a simple agrarian life as 
vassals of the Japanese on a chain of small islands between southern 
Japan and Formosa. But with the invasion beginning March 21 ^ 
1945, the islands^ especially Okinawa, became household words over¬ 
night After organized Japanese resistance ceased, following 8^2 
days of bitter fighting, Okinawa and the Ryukyus left the headlined. 
Since tiie Japanese surrenderj Okinawa continues to be important as 
one of the redaced-atatus bases in the Pacific retained by the United 
States; Currently the eivil affairs of the Ryukyu people are admin¬ 
istered by the United States Army Military Grovemment. 

In view of our interest in the Ryukyus, we have summarized avail- 
able information on the native people from earliest times to the presents 
We have attempted to relate the natural environment of the islands 
and the long history of foreign influEnce to the native way of life up 
to World War II- Thus we hope to show not only what the native 
life was like but how it came to be that way. To complete tJie picture 
we have considered the impact of World War H and the effects of the 
American occupation upon the islandera* 

This has not been easy. The archeology of the Syukyua is little 
known, and the early written records usually show either a Chinese 
or Japanese bias. Satisfactory racial and cultural studies of the 
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Ryukyus do not esist. Althougii many Americans ha^e observed 
the war’s effect upon die Eynkyuana and dieir culture^ no one }\m 
publidied a fnlJ account. In the folloiadng suinmary, therefore^ we 
have had to do our best with the informatioa at hand.^ 

THE NATURAL ENVIRON^IENT 

The Eyukyu islands form a curving chain extending 77& miles 
southwest from southern Japan to within sight of Formosa off the 
China coast> Consequently cultural inffuences and political pressures 
from China and Japan have bulked large in the Ryukyus’ destiny* 
The Rynkyuan chain consists of 11 island groups and numerous scat¬ 
tered islets totaling a land area smaller than Delaware, larger than 
Rhode Island, but housing aln^ost as many people as the two States 
together. Geologically the islands are the tops of three submerged 
inountaiiL chains closely ranged together as if they were the strands 
of a necklace. 

Ryukyu waters ore wanned by the Japanese current, intensifying the 
heat of the southern mousoonaJ winds in the summer and amelioratiDg 
the cold of the northern monsoons m the winter* In this way seasonal 
climado variation is less in the south tlian in the northern part of the 
chain* Rainfall ia sufficiently heavy to stimulate lush natural vegeta¬ 
tion on most of the ialandn, but the Bcarcity of mtnral reservoirs and 
the great depth of the ground-water table render the water supply a 
major problem on most of the islands. In additioRj typhoons are 
frequent between May and October* Bynfcyu homes and other build- 
ings ore built with the destructive forces of these storms in mind, but 
great property damage Etdl results. Since i^hoous usually strike 
in the growing season, crops are often destroyed. 

The islands themselves have such varied terrains that they defy 
description as a group. Except for some of tile lowdying islets, few 
have much flat land. Some have narrow coastal plains of dayey loam 
or sandy soil, overlying limestone deposita. These soils are rather 
fertile, but low-lying strips near the shore are frequently ruined for 
agriculture by tidal waves. Most shore lines show signs of submer¬ 
gence and the larger islands have bays suitable for anchorage. IVberc 
the coral reefs have not provided protection along the slowly eiokiag 
coasts, the sea has attacked the shore and cut cUffs and headlands. 

^Tb* bmt 4«nr«* biiitrrii.1 It la tbt Njitt DffmrtipfiaE'i cItD Alfain SAndtook—H j’uItd 
|[L«Khddi) liIOiDd*. It WAM campilKl befArv ttie IAtuIdd br a KcsBaFch Gi^cip At 

’OnireraltT by Rrot OearfP P- MnrdKt Vale'j CrDSK-CaUunl SurTfey wv 

tbe auijor Kjiar«« ttf la iQrinatlvl), bat dllU prqvlded by ofeDdet 

■wtrf mIbO UmC Wc hfiTi IftHMcl verr IlfATlIy tapoH the €It 11 AdTuiH Huidbook mitil fit* 
CrdU'Ciatliml Sarrej, an 4 Hp^ciiny ladEblfd to PtoTbioor tha lu-f* pvE 

bo played; to botb ctf ntOio. 

Wo with to UaEnt Profesflor Mnnlock f&r hlA eofffal ^tltikOu of tb« moaiucrlpt, mbA 
Dr OortlQD n, WlUtr for belpfca NfFHtJinid *o flrfitnltBtlDiL We m fi^lorul to tho 
n. a. Noiy. J. Allpii Ctmifl, Dr. Leon LowIj. bbA Dr. A c. P. Bmkn for IHe m then 

pbQtOfTMVhB. 
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FiGiTWC 1.^—Map of the Ryufcjti Ij^aiada {adapted fiom the Nary Depattmeiil'fl 
Ctrl] AffalTi Handboolc, p. 


Inland from the coast on most islands^ the sloping or gently tolling 
terrain merges into rngged hills beyond. The plateaus and gently 
rolling lands are nsnaEy covered with well-drainedj moderately fertile 
Eoils of day and sand. Tha best lands are the alluTial soils in the 
shallow valleys. On the elopes of the rugged hills the covering of 
sandy loam has been washed thiD) except where it accnmulated in 
pockets. At best it is of mediocre fertility* Usually the smaller 
islands are less fertile than the larger^ provide a certain water 
supply, and consequently are less habitable* As in all but the most 
advanced civilizations, the environment has strongly molded and lim- 
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ited the way of life. In the Ryukytis, long considered culturally back- 
irard, we shaU see how true this is. But fir^t we must give background 
Co the cultural picture. 

THE PREHI^QHT AND HirTOR^ 

The Ainu .—Hie earliest inhabitants of the Ryukyu islands were 
probably a prcagrieuUural food-gathering group closely related to 
the Ainu of nortiiem Japan, but there is no positive evidence for this. 
Allegedly Ainu archeological renains have been reported “ but the 
idenlificationa need checking. It is possible that cultural traits hark¬ 
ing back to the Ainu ■ have existed in Ryukyu society within the p^ 
100 years, but the matter has not been fully explored. Physical traits 
of almost certain Ainu origin, however, are said to have been present 
in many Ryukyuans living in the latter part of the nineteenth centui^.’* 
This is the strongest suggestion of an Ainu occupatioiL If the Ainu 
were the first people in the Ryukyus, tliey wore there in early time^ 
the first or even the second millennium B, C* 

The early Jupmtese. — Sometime before the third century B. C. a new 
people entered Japan from Korea, and spread slowly over the Jaimnese 
islands pushing back the Ainu there. These invaders were the early 
Japanese who bore a maritime culture of manifest South Asiatic char¬ 
acter, and w‘ere closely related racially to the Southern Mongoloids. 
Some of these early Japanese settled in the liyukyus^ where they prob¬ 
ably outnumbered the Ainu. Tbe Rjnikjm language, a sister tongue 
to Japanese, is attributable to these newcomers, and it is likely that 
they brought agriculture to the islands. 

The early history of Chinese emd Japanese eantacL —Ctiinese annals 
of the third century B. C* contain the first historic mention of the 
Ryukyu Islands. But it was not until the early seventh irentury A. D, 
tb at the Chin esc sent an in f ormaiion-coUect mg embassy Uiere* T wel vc 
years later Japanese records indicated that a delegation from the 
Xorth Ejukyus paid their respects to the empress in Tokyo. During 
this early historic period Ryukyu relations with Japan were even more 
tenuous than with China, and w'ere almost wholly carried on by upper- 
class people in the port towns of the island chain. 

In the eleventh and twelfth centuries Japanese legendary history 
mentions small movements of people from Kyitshu to the RyukyTis. 
Some of these emigrfe were displaced nobility. The most famous was 
the archer Taraetomo, who is said to have sired King Shuuten—the 
ruler of Okinawa from 1187 to 1^37. Wlien Sbuoten ascended the 
throne, the Kyushu prince of Satsuma was given theoretical jurisdic¬ 
tion over the Ejukyus, Ihis is part of the modem Japanese claim to 
the islandSw 

1 51 ^ KflWHUH M<i Epf, l1M^, piK 114-114. 

^E{« BfQrdtKk^ ia$4. typ. 14^191. w. descrlptlDa of bow tbfe ^Jpii IIvmS. 
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Tfte period of great^t infivenee {S37B-1BQ9). — -In the lat* 

tlitrteentli century Chinti. Bttempied to dominate tha Eyukj’us politi¬ 
cally, and by 13T2 bad the Okinawa king paying tribute. With this 
entering wedge, Cliinese-Ryukyu trade increased. This started a flow 
of more advanced customs and ideas into the islands, producing modi¬ 
fications in political structure, law and medical practice, the arts and 
literature, and funerary procedures. These modifioationa were largely 
felt by the upper classes, while the Ryukyu commoners continued their 
wovk-a-day life with little change. The net effect, however, was cul¬ 
tural advancement for the Eyukyvis. In 1579 a Chinese emperor called 
the islands “The Land of Propriety.’^ This title is deserved even to 
this day. 

In the fifteenth century Japan forced the Ryukyu an s to pay tribute 
to them as well. Perceptive islanders at that time could probably see 
that they were caught between their more powerful neighbors. 

The sweetpotato, destined to become the staple food of the Ryukyus, 
was introduced from China in 1605. In 1633 sugarcane was brought 
in. Neither became vital to the Ryukyu economy for over two 
centuries. 

The period of tfi« dopaneae proteotoraie {IGOd-lS?!), —Angered by 
the Ryukyuans* refusal to help in the Korean war, Japan conquered 
the North and Ontrel Ryukyus in 1609, The North Ryukyus were 
ceded to her, and these islands were Japanese-governed from then on. 
iTie other islands retained more independence, at least in domestic 
issues, but larger questions of policy were settled by agents from Japan. 
Nevertheless the Chinese-stylo civil state was permitted to ciist there 
for 200 more years. 

Since China’s ports were closed to Japanese ships from 1553 to 1643, 
and in 1636 Japanese merchants were forbidden to leave their country, 
the Ryukyu Islands became eidremely useful as a means of indirect 
trade between the two countries. Naha, the main port of Okinawa, 
was used as a way-station in commercial transactions of high profit to 
China and Japan, The Ryukyus gained little capital benefit, and 
their position in tliis commerce can be likened to the trained fishing 
cormorants in the Orient that are kept on a string and forced to 
relinquish most of their catch. 

The period of Jopsiieae vide (^1S7J—JS4S-') In the nmeteeuth cen¬ 
tury the Western powers showed enough interest in the Ryukyus to 
make the Japanese apprehensive. So in 1871, just 18 years after 
Admiral Periy broke the Japanese policy of seclusion, the Ryukyus 
were formally annexed by Japan over China’s protests. Within a 
few years all the island chain was organized along Japanese lines. 
The colonial policy fostered complete assunillation of the Ryukyus 
into the political, economic, and cultural structure of the eiy^nding 
Empire. In the 68 years before World War TI this assimilation was 
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most complete in the North Sjukjus which Japan had dominated 
sinoa the early sercntoenth century. It was least complete in the un¬ 
developed South Bjukyus, where much of the old culture still exists 
today. 

Yet complete assimilation of the Byukyu people was impossible 
since, despite official protestations of brotherhood, the islanders were 
looked down upon, as uncouth rustics by the Japanese. The Hyukj'u- 
arts had their own pride and according to hlurdock (persons! com¬ 
munication) considered themselves a subnationality of the Japanese. 
Thus they were Japauese in about the same way the Scots are British. 

Cvlifufiil cTtan^ea under the Japanese .—Officially imposed changes 
in Kyukyu culture were effected during the T4 years of foil Japanese 
rule. These cimnges were cataclysmic to the upper-dass natives, but 
were much more lightly felt by the commoners. And tlte smaller, 
less accessible islands were affected the least. 

The Japanese commenced their assault on Kyukyu culture by lop¬ 
ping off the top of the native social hierarchy. By ttie 1930’s tlie rigid 
and numerous class distinctions Imd disappeared. Almost everyone 
was a commoner, except for the Japauese officials, who were strictly 
top-dog. With the social reform, there was a reapportioning of arable 
land. Under the Kyukyu monarchy, land had l^n granted in hef 
to the upper classes, and the rest was divided communally among the 
peasants. But beginning in 1B9Q the laud was allotted in small plots 
to independent farmers. Contrary to Japanese expectations, this did 
not inciease the over-all yield, but it distributed the food supply more 
evenly among the people. 

The Japanese inheritance laws were properly designed to keep the 
land within tlic family, but younger children did uot receive a slmre. 
Since the small plots could only support an expanding family with 
difficulty, landless young men and women were often forced to seek 
a livelihood elsewhere. This tended to weaken the family structure. 
Although Japanese administrators were aware of this danger, they 
merely resorted to palliative measures. 

The changes in planting of crops stimulated tlie food economy. In 
the fina] centuries of the Byukyu monarchy, heavy subsidies were paid 
to wet-rke growers, and the uumber of flooded fields greatly increased. 
At the some time sugarcane growing was restricted. Since Kyukyu 
rice lacked hardiness and abundant yield, required scarce water, and 
took a lot of work, this was an impractical plan. Under the Japanese, 
BWeetpotato and sugarcane raising were encouraged, and were, respec¬ 
tively, the primary food and cash crops of the islands. 

Byukyu food habits in the IflSO’s showed a strong shift to rice, but 
only half the required amount could be produced locally. Conse¬ 
quently, to reduce the necessary imports, Japanese agronomists 
introduced Formosa No. 65 rice, which was hardier and had several 
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t.impji the yield ot local vartetiea. As a result, in the f sv years before 
World War II, Hyukyu fanners were shifting back to wet rice where- 
ever the land permitted. 

Direct economic ties with Japan also stimulated local industries, 
especially sugar and silk production. This brought money and goods 
to the Kyukyus, but having part of the economy geared to world 
markets rendered the islands more susceptible to depressions. This is 
especially true when a country exports only two major products. So 
the drop in sugar prices after World War I caused wideapread suffer¬ 
ing in the Eyukyus, and large numbers left for lands of better 
opportnnity. 

Although industrial development never proceeded far in the Ryu- 
kyus, there was enough to threaten the old system of household crafts. 
This forced a shift in certain manufactures from the household to the 
factory, and required some workers to leave their homes and villagea 
in pursuit of work* The Japanese-style mutual benefit associations* 
which appeai’ed to be eagerly seized by Ryukyu craftsmen, did not 
compensate for the threat to the household. 

A coroUaiy change was the decline of native arts and crafta which 
the local market couM not support and Japanese consumers did not 
care for. As an example, Ryukyu lacquerware of considBrnblc artistic 
excellence used to be made, but the traditional designs lost out to 
Japanese styles. The native theater, dances, and mime, formerly 
sponsored by the upper classes, disintegrated with their disappear¬ 
ance, The folk art of the peasants in the rural and more isolated areas 
is all that remains. 

The effects of the assault on the old-time native religion are h^d 
to gage, although no foreign creed ever had a large popular following 
in the Eyukyus. With the social and lend reforms of this century, 
however, the native priestesses or ‘‘noros” lost their hereditary lands. 
Lacking their former wealth, these priestesses lost some influence, but 
were said to be still powerful in out-of-the-way places. With the rise 
of Japanese nationalism, official efforts were made to impose state 
Shintoism on the Rjukyus. This met with greater success in the 
North Ryukus than elsewhere. 

Under Japanese rule, the population of the Byukyus increased tre- 
mondously. From about 600,000 in 1800, it reached a peak of almoat 
380,000 in 1&35, The natural increase was actually greater than this 
since about 200,000 Ryukyuans left the islands between 1020 and 1040 
in search of better opportunities. Since immigration to tlie Ryukyus 
has been negligible within historic times, this rise in population meant 
an increased live birth rate, a lowered death rate, or both. Whatever 
the exact reasons for this gain, it was surely the most compel ling 
reason for the great esodus of people to other lands. Out-movement 
became essential to the economic balance of the overcrowded ielanda. 
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It got rid of extra mouths to feed^ &nd remittance sent home by 
prospering ralatiyes abroad helped offset the unfayorable balance of 
trade recently characteristic of Ryukyu economy. 

THE CtfLTUaE 
'^BEr Food 

The earliest inhabitants of tho Eyukyus probably scattered 
bauds of buutcrs and fisliertnen, totaling only a very few thousands 
tlie introduction of agriculture^ perhaps by the early Japanese, 
set the stage for a dense population. The intensive exploitation of 
arable land is as basic as the heavy Chinese and Japanese inSuences 
in the establishment of the complex feudal istic pattern of Hyukyu 
culture:* Other factors which greatly influenced the local food econ¬ 
omy were the seventeenth-century introduction of the sweetputatOj 
and the twentieth-century contributions by the Japanese toward more 
sclentidc farming. 

The physical nature of the islands themselves has largely deter¬ 
mined the limits of Ryukyu food production* In the Central aud 
South RyukyuSi about one-quarter of the total land area was culti¬ 
vated in 1930j with a am all cr proportion under cultivation in the North 
Rynkyus. The total cultivated area perhaps could be iucreased 50 
percent by farming potentially amble but untouched landj especially 
in the relatively undeveloped southern islands. 

Almost three-quarters of the Ryukyu households engage in inten¬ 
sive But^istence farming, with many of them growing sugarcane as a 
cash crop. The prime food crop was the hardy sweetpotato, alUiough 
just before World War II rice was becoming more of a dietary main¬ 
stay (see p* 334). In tlie late 1030’s almost half of the cultivated land 
waa devoted to raising sweetpotatoes. The small fa mily plots of land, 
usually on the less fertile plateaus and gentle liill slopes, often pro¬ 
duced two crops a year. As with all Ryukyu farming, cultivation 
was almost entirely done by hoe, although single horse or ox plows 
were occasionally used. Since sweotpotatoes arc likely to rot in 
storage, it was customary to grate and then dry the surplus for future 
consumption. Lacking the knowledge of how to preserve part of 
the crop against a *‘rainy day,” the sweetpotato never would have 
bccoitia a year-round staple food. 

Rice was second In importance as a food crop, and was mostly grown 
in irrigated paddies in the shallow valleys and alluvial plains. Irri¬ 
gated Helds total about 10 percent of aD the cultivated land in the 
Central and South Ryukyus, with a higher figure for the North 
Eyukyus where more rico was grown. In the North, there was one 
crop a year; in the Central and South, two were raisedn Although 
about 40 percent of the farms in the two-crop area, had lice paddieSi 
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tiey were usually small and averaged half an aci'e. With the demand 
twice the supply in tJie late 1&3<1 b, rice imports from Japan were high. 
During World War IT, these imports were reduced, 

Ryukyu methods of wet-rice culture were virtually the same as those 
of other Far Eastern countries- Irrigation involv^ no reservoirs or 
canals, but only called for diverting stream water into narrow chan¬ 
nels to the terroced paddies. iTie water then Altered from higher to 
lower paddy. Manure, night soil, cover crops, compost, and some 
commercial fertilizers were used on rice and other fields. The use of 
nil available natural fertilizers, so shocking to people of the Western 
world, was characteristic of the extreme economy of Ryukyri life. 
The hoeing or plowing, harrowing and leveling, transplanting of 
scedhngs, weeding, and harvoting were almost wholly done by hand. 

Other grains were grown, but did not bulk as large as food crops. 
These were wheat, millet, and barley. Although broadcast sowing 
was known, it was more usual to plant seed in rows of holes with a 
simple digging stick. Some root crops other than the aweetpotato 
were cultivated in minor quantitie;?. Truck gardening and raising of 
hay and other forage crops were little practiced. On steep slopes and 
otherwise itifertile lands, cycads {Cycas T&votuta) were grown from 
seedlings. Tiie pith of these tre^ was washwl, dried, and made into 
sago flour, which was used by the very poor, or in times of famine. 
Under the Ryukyu monarchy, cycad cultivation was sufficiently im¬ 
portant to have an official in charge of it. 

Sugarcane was grown as a cash crop on about one-quarter of the 
cultivated land in the Ryuki'iis. It was prefenibly planted in the clay 
soils of the coastal plains, "but was especially susceptible to typhTOn 
damage there. Most plots were small, rarely over an acre in size. 
Although there were a few large sugar “centrals’* most of the cane was 
crushed in small, literally one-horse mills of original Chinese design. 
The cane juice was then boiled, put in clay trays for drying, and ex¬ 
ported in unrefined state. 

Animal husbandry and fishing were overshadowed by agriculture. 
Most farm households had a hog or two and sevenil grwts. Fewer 
owned horses and cattle. Stock famis were almost nonexistent in the 
Ryukj ua, so most of the slaughterhouse meat came froni tlie small 
farms. Home-grown pork was more frequently eaten than other meat. 
It was a large enough item in tlie diet to elicit the conlempluous nick¬ 
name “Pork-eater” from the Japanese. At the onset of the war, meat 
consumption was cut until it reached the average table only about four 
times a year. 

Most Ryukyu fishermen operated from small offshore craft. (See 
pi. 3, center.) Their commercial catch was small compared to the few 
deep-sea fishermen who seined, drag-netted, and hooked bonito from 
largo boats. More commercial fishing was done in the North Eyukyus 
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than elsewhere. Lack of a well-equipped fishing fleet restricted the 
orer-aU catch, although Bynkyuans were famous all over the PaelSc 
as fishermen. Their commercial fishing techniques were unexcelled 
throughout the world, according to professional fishing men (Mur¬ 
dock, personal communication). 

Other 

Wtile three-quarters of the gainfully employed produced food^ the 
retnainder made a iiTing in eraft^^ eervicesj and commerce. The pro- 
portionjs employed in these categories were^ respective! 12^ 7^ and 5 
percent in 1930 * for the Central and South Rytikyus, Most of those 
engaged in crafts made goods of Japanese design for export. A smaller 
miniber produced hand-made utilitarian items for the local markets, 
or were in the building trade. The rest did relatiTcly umkUled manual 
work in such industries as mining^ quarrying, and lumbering. 

In the Central and South Rytikyus, the major service occupations 
were, in descending order, banking and insurance; hotel, restaurant, 
and entertainment; transportation; domestic service; education; and 
government service. The numbers in religious, legal, medical, literary, 
and artistic fields were notably small, but need not indicate inteUectual 
impoveriEhment under the Japanese. On the contrary, the litera<^ 
rate was high, and even the peasant homes appear to contam more and 
better books than the average American home (Murdock, personal 
communication). 

In the field of commerce, most of the people were small local mer¬ 
chants, although a few had trade connections with Japan and For¬ 
mosa. Most rural settlements had general markets where vendora 
sold food, ceramics, cloth, and tools, but these were on a decline in 
the 1930^3 and 1940s. Specialized markets for such commodities 
as livestock were located in the iargex towns. Retail shops in the 
cities increased in number, owing perhaps to the influx of Japanese 
capital therOv In addition, a few branch stores were estabibhed by 
Japanese firms. 

Food Ai<m Diet 

With the exception of some food imports auii local barter^ the 
Byukyuan people ate what tJiey raised and caught Sweetpotaloes, 
therefore, were the national fo^, with rice an important secondary 
item. Other vegetables, aucb os soy beans, cabbages, carrots, green 
onions, eggplants, squash, cucumbere, taro, and small tomatoee, were 
eaten only in minor quantities since many households did not raise 

*lt la imcrobabla that the hroiairht mpch Id tsuitm. At 
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truck gardens. Some flour from wheat, millet, or barley was used, 
but usually just for occasional fancy baking. Noodles and imported 
vetmicelli were also used. Fredi fruits were rarely eaten. Fish and 
especially meat wore “prestige'* foods, which is another way of saying 
that not everyone could afford them. They appeared on the family 
table OS often os availability and buying power permitted. Horse 
mackerel, shark, flyingflsh, tuna, and bonito I’epresented the largest 
coastal catches. Cuttlefish, octopus, sheUfish, and seaweed were also 
taken. In times of famine, the coral reefs and rock pools were 
thoroughly searched for edibles. Most of the meat was pork, with 
goat flesh secondary in importance. When not eaten fresli, it was 
salted down for future use. Beef was also eaten, hut was more likely 
to be exported on the hoof. Indeed, many farm honseholds felt they 
could ill afford not to sell much of their livestock. 

Food was most usually boiled or cooked in vegetable oil or pork 
fat. Steaming and baking in brick ovens were practiced in some 
households. Foods were seldom eaten fresh or raw. The most com¬ 
mon s ei i ffvning was soj bean sauce, and in addition salt, vinegar, and 
tomato paste were used. 

Compared to Western dietary standards,' Riiyl^ diet appears to 
be buli^ and to have a high carbohydrate content. It has been sug¬ 
gested that the unusually long, large colon of the Ryukyuans may 
be an adaptation to this bulky vegetarian fare.^ High-quality pro¬ 
teins and fats seem somewhat lacking in their diets. Further analy^ 
might indicate a low intake of one or more of the B vitamins. But 
regardless of how the diet measures up to modem nutriUonol de¬ 
siderata, the Ryukyuans did very well on it. On the basis of their 
hardiness, longevity, fertility, and smaU amount of metabolic dis¬ 
turbances and deficiency diseases, Steiner P- 2*1) the 

diet to be well suited to the people. This in turn would imply the 
basic adequacy of the food economy. 

TfCinroLocT Aat 

.drcAfftwmre.—Public buildings built in modem times closely fol¬ 
low JapaJteso and occasionally Western architectural styles and are 
usually of cut and mortared stone or concrete construction. Tlie old 
castles and shrines of yesteryear Ryukyu show considerable Chinese 
as well as Japanese influence. The larger ancient structures were 
strongly coDstructed of cut stone, and ones like Shuri castle were even 
hard to reduce by bombing and shellfire. Smaller edifices were made 
of stone or mortised frame and panel construction. 

Home dwellings range from the temporary' rural hut shown in plate 
4, lower, to urban homes as elaborately made as the priest's house in 

« sti>iD(>r, lete. n- ts-ie; ie4T. rp. !4o-34i. 
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plate 4, upper. The simple rural houses were usually rectangular with 
thatched roofs anti walls made of two layers of bamboo lattice ^ ith a 
straw filler in between. 5io windows were used, soniet Lines even a smoke 
hole was lacking, aud the fioora were often packed earth. Better rural 
homes had more rooms, paneled walls, rai^ board flooring, and even 
tiled roofs, but this was more the urban style, in tliese homes the 
family slirine occupied an important place in one of the rooms. It 
was a highly stained and polished waist-high cabinet with frames and 
sliding panel of elaborately cut lattice. Witlun were at least two steps 
housing family ntime plates and other objects. The rest of the house 
might be very plain, but the family shrine was as eitquisitely made as 
the household could afiTord. 

Bural dwellings were almost always surrounded by a live hedge, a 
stone wall, or both, if money permitted. As can be seen in plate 3, up¬ 
per, the entrance to the compound was sometimes guarded by a ^ort 
wall just within. In addition to the main dwelling, there was u stable, 
small storage house, and a p igsty d i rectly under tliclatrine. Acistem 
or well usually completed the farmstead structures. 

In the urban homes, sliding paneled walls, board flooring, and 
hipped tile roofs were used where Ulcy could be afforded. Usually 
these homes were surrounded by a high stone wall. 'Within the court¬ 
yard, anmll storage structures and pigsties ware usually present. 

Tlie most unusual feature of Ryukyu architecture was the womb- 
shaped tomb of South Chinese inspiration. (See pi. 3, lower.) Most 
tombs were set into steep banks and hillsides unsuitable for farming, 
but were by far the most costly family edifices. The approach was 
tlirough an outer courtyard walled by hewn rock. These walls 
joined the lateral abutments of the tomb. The tomb itself, carefuHy 
constructed of t'fmcretc or cut stone, was pear-shaped with a flat or low- 
domed roof. TJie entrance to the funerary vault was large enougli to 
admit a coffin. Within the vault the i-emains of recently deceased fam¬ 
ily members lay in cofidns, while the carefully cleaned bones of the long 
dead were deposited in elaboi-ate pottery jars of native make. 

The burial customs were part of the ancestor worship, an integral 
ptiTt of the old Ryukyu religion, embellished by Chinese custorast 
Currently the Japanese cremate their dead, and have disseminated 
tills practice to the Xorth Kyukyus. Cremation was rare, however, 
in the South and Central islands, although not every family could 
afford d burial tomb. Poor families were mors likely to pinou tlieir 
dead in caves or cemeteries. 

A fine family tomb w’as a prized possession, and took greiit sacrifice 
to construct. Often a family might live in a hovel, but would labor 
lifetimes to possess a suitable resting place for its dead. A fine tomb 
w'as considered much more important than a fine homei, 

Transpo’Hation. and comnvunicatitm.—Tlifi larger and more heavily 
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populated islands liaTe iiatrow roads, mostly nmning along tbo eoasls 
and connecting the larger toTrna. Fevr roads were cut through rugged 
terrain, so that the more isolated areas were serx’cd only by iootpattis. 
ilost of the smaller islands had only trails. Ttio roads were usually 
made of limestone topped with coral sand, and were nationally, pre- 
fecturally, or locally maintained. Cut and fitted rock bridges were 
used to trarerse streams on the major roads. 

Owing to a lieRrier population and more faTomble terrain, most of 
the roads were in the Central and South Ryukyus. The bulk of these 
were on Okinawa Jima. Even so, the total of 4,000 miles of roads over 
the entire Rjuikyos in 1939 is small as compared with areas the same 
silts in this country. 

Major Ryukyu an cities Iisd many broad and well-paved streets. In 
1939 Naha and SliuH (combined population of over 80,000) had a street 
system totaling almost 1,300 miles. 

Most of the veliiclcs were bicycles, rickshas, and horse-drawn carts. 
There were few automobileB and busses. In 1939 the Central and 
South Ryukyus had a total of 504 miles in bus routes. 

Railroads were of little consequence in Ryukyu transportation and 
were only narrow-gauge spur lines between large towns, or were used 
in nationally-promoted mining and lumbering activities. Steam and 
gasoline engines were used, as well as horse cats. 

Means of water triUisportation ranged from the single-log native 
dugout through motor launches to the small Japanese steamers which 
touched only the several main ports. Most of the interislnnd trofilc 
was by motor sampans and larger sailing craft. The bulk of the ocean 
travel was by Ryukynans in searcli of seasonal or permanent employ¬ 
ment, Few Jaimnese or other foreigners visited the islands. 

Communication between the larger islands and Japan was possible 
by radio, submarine cable, airmail, and regular mail. Small post 
offices were located in almost every township, in addition to those in 
the larger towns. Telegraph and telephone lines connected the post 
offices on the same island. In addition to a small circulation of Jap¬ 
anese newspaiicrs, a handful of 2- to 8-page local papers were printed. 
The circulations were not known, although plenty of newspapers were 
found in abandoned rural homes during the invasion. Both the 
Japanese and Io«il press were rigidly controlled. 

UtilUy crafts .—^The textile industries employed more people than 
all the other crafts combined, and rivaled sugar production in capital 
return, ilost of the work was done by hand, producing goods of excel¬ 
lent quality mainly for Japftne.se luxury trade. The first ranking tex¬ 
tile indusity was silk, wherein an expert weaver would take 2 or 3 
months to produce 19 yards of high-gratie material of l4-itich width. 
Most silk was mode in the North Ryiifcj'us. The nest most important 
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was the Panama-hat industry, confined largely to the Central Kyukyus. 
linen cloth made from the fibers of the textile banana constituted the 
third industry. Its manufacture was concentrated m the Soutli 
Byukyus, Other textile products were rush matting, cotton cloth, and 
straw articles, A large part of the weaving in all textile industries 
was done by women on hand looms in small sh ops or at horn e. Natural 
dyes, especially indigo and the juice of the Japanese hawthome, were 
stm used, although larger factories had begun aniUnc dyeing. Both 
batik and vat dyeing were practiced. 

Other manufactures in the Byukyus were conducted on a very small 
scale. Carpenters and stone masons still performed high-tonality 
work in the cities, despite their rather primitive tools. Food process¬ 
ing and calming accounted for a few more workers, and dealt largely 
in dried bonito, and canned meats and vegetables. Other small in¬ 
dustries only worthy of mention were machine and metal work, wood 
and bamboo working, paper manufacture and printing, ceramics and 
tile, and mining and quarrying. 

The arts .—^The leveling of the native class system by the Japanese 
had the effect of abolishing the national art of the Byukyus. lAckmg 
upper-class patrons for luxury goods of traditional design, craftsmen 
turned to Japanese markets for an outlet. This meant that the pat¬ 
terns and decorative styles were dictated by Japanese fashions. Tra¬ 
ditional designs lost out, except in crafts such as architecture and 
woodworking which catered to the small local market, Byukyu ce¬ 
ramics and lacquerwaie used to be of high artistic excellence, owing 
largely to Chinese influence, Becently, however, only building tile and 
pipe and cheap utilitarian and ornate funerary ware were produced 
for local consumption. The exports followed Japanese designs, usu¬ 
ally the more gaudy. The textile industries alone retained much of 
the old-time technical excellence, but had bo use Japanese styles. 

As with the artistic crafts, the Ryukyu theater, music, and dance 
bad distintegrated from lack of upper-class patrons. In the cities 
traditional forms of entertamment were largely replaced by Japanese- 
style performances, especially by geisha. The rural areas still retained 
their folk music and dances, which figured largely at the annual 
festivals. 

The Socro-rotraiCAr. PATVEafr 

Setthmeni pattern: The fam^y ^—The biological family, consist¬ 
ing of parents and their children, was the basic unit of Ryukyu soci¬ 
ety, Economic and religious pressures made family ties particularly 
strong. Great family solidarity, almost to tile exclusion of other 
loyalties, was encountered by Americans during the mvaslon. It 
was almost impossible to secure volunteer blood donors or nurses 
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among the OkiD^wan dviliaiie unless the welfare of an iraintdiate 
family member was inTolired.* 

Within the family, the father was the household head, but did not 
acbieve the authoritarian status found in Japan^ The status of 
women was considerably higher than in Japan or any other country 
in Eaat Asia (Murdockp personal cominmiicaticm}, Although all 
contributed to the household's ^pport^ the members of a Byukyu 
family controlled their own finances, and only lent money to other 
members at interest. The difTerential behavior toward younger and 
older family members, and toward those of the opposite sei was 
almost os formalised as in Japan* These distinctions are reflected 
in their kinship terniS;^ which otherwise are comparable to our own. 

Although some family households were large, the average one 
consisted of four to five people* ilany households lost at least one 
member as a result of the heavy 1920-40 emigration, so the of 
the average family would have been somewhat larger* Beliable in¬ 
formation on the number of children per family is not available* 
On Okinawa Jims, Steiner (1947, p. 240) states that it averaged five 
or six, but questionnaire returns in 1945 from 1,000 Okinawans gave 
a mean of 3*7 for families having children. 

In Ryukyu KJcietj a group of families related in the male lino 
formed a clan* Since married sons often settled near their parents- 
households, clan members tended to cluster in communities. In fomier 
times, these patrilocal clans had considerable power, but more recently 
were overshadowed by the village group and the mutual benefit assoc¬ 
iations. In out-ofdhc-way places, the clan $Eill retained its strength. 

LirndhaMififf and land tenure. —^In the North Rjukyus the Japanese 
pattern of extensive tenancy prevailed, but to the south reallotment 
of small plots to mdividual farmers early in this century made for 
wide diffusion of private ownership. In 1935 the tenancy rate for the 
Central and South Ryukyus was only 10.5 percent. One thousand 
questionnaire returns from Otinawans in 1945 indicated that 24 per* 
cent were tenant farmers. Small os this sample is, it ouggests that 
tenancy increased from 1939 to 1945, possibly as a result of bankruptcy 
of small independent farmers or the breaking up of their families by 
conscription and emigratiDn* 

Most of the privately owned and operated farms in the Ryukyus 
were very arnulL In 1939 they averaged 2.1 acres in the North, L6 
acres in the Cent ml and South Ryukyus. Rights of possession and 
transference of private land were regulated by the Japanese civil code. 
The chief gim of the inheritance laws was to keep the land w ithin 
the family os far as possible. This tended to bolster the household by 
protecting its means of material support* Nevertheless, creditors had 
the right to seize private land in lieu of a debt. 


■ IIMS, ]>. SSd. 



394 ANNUAL REPOirr SMITHSONIAK IJISI'ITUTION, lfi47 

TK% pAyAMjff/ liaiute e/ the communities and tkoir fwieiionss —Sinc« 
die arable larid was largely divided into small plots, farm houses were 
not far apart. This can be seen in plate 1, upper. More often, how* 
ever, these houses were clustered in small villages (see pi. 1, lower) 
ranging in size from only a few families to over 1,000 people. These 
villages resulted from a natural growth, perhaps starling with only a 
few related households, and later adding other kin groups and single 
families. Tliese kin groups of a number of households related in the 
male line often formed subsettlenients in the rural villtigee, but were 
generally of less functioning importance tJian the village group. 

The locations of villages were determined by several factors. The 
desire to conserve arable land for crops favored using the less fertile 
areas for villages. On the other liand, tJie leas readily cultivated 
hilltops and ridges were exposed to the full force of typhoons, and 
hence were often avoided for village sites. For this reason, some 
Okinawans ivere dismayed at the American tendency to erect hospitals 
and other installations on the higher and more e^eposed land. More 
usually, therefore, Hyukyu villages were located along tlie flats, In 
valleys, and on the lee slopes of the hills. 

Most villages had a central area for markets and other communal 
affairs. Festivals, geared to the economic and religious annual cycles, 
were also held there. Also administrative luntters, in part passed on 
to the village headman from tile township officials, were discussed and 
put into practice in the central area. In any v i 11 age, this area embodied 
the core of the local society. Tilts was where the people got the word. 

Although the JijukjTis were largely rural, nine settlements became 
large enough to classify as towns or cities. These ranged tu size from 
about 7,000 to 66,000, and totaled almost one-guarter of tlie total 
1040 population of the islands. Several of these, notably Xaha on 
Okinawa Jinm and Naze on Am ami O Shimn, were port towns or cities. 
The rest were merely overgrown villages, set apart only by their 
size and the presence of modern administrative and commercial build* 
ings. The towns ond cities served largely as mercantile centers, and 
also in most cases were the focal points for voting, agriculturo], police, 
and postal organizations. 

Class structure .—Although early in this century tile Japanese lev¬ 
eled the native hierachy of social classes, enough time has elapsed 
since then for a social system patterned after the Japanese to begin to 
take hold. In this system holders of administrative and educational 
^losts enjoyeil the highest status. Next, and pressing these officials 
closely, were the larger landowners. As ^lurdock (personal com¬ 
munication] says, a man with five or more acres of &rm land was 
constdered rich and wns much respected. Village heads, assemblymen, 
and teachers were usually drawn from upper middle class landed 
households. Below them wore the tank and file of artisans, fishermen, 
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tenant farmers, and smaU shop, restaumnt, and hotel keepers. In 
addition, when sugar prices Wei'S high, a small group of nouveau 
riche sugar producers sprang up to occupy top positions in the upper 
middle class until the mu rket tu rued downw aid. 

— OccasionullT cutting across the growing class lines, 
but mostly operating witliin the da® level were the characteristically 
Japanese assodations, designed to align those people interosted in ac» 
complishing specific things. Some of these were government spon¬ 
sored and controlled, especially tlia patriotic, reservist, and youUi or¬ 
ganizations. Others were more spontaneous and developed from spe¬ 
cific economic needs. Of these, farmers’ buying and selling coopera- 
tiveo were the most numerous. As Japan tiglitencd its economic belt 
for war, the government took over many of these spontancoiis associa¬ 
tions to achieve higher production. Other minor associations were 
concerned with civic, cultural, and wholly social tifiairs. All associa¬ 
tions were checked by the police, but sonictimcs this was only 
perfunctory, 

Forwmdt ^ouemmen#,—In the Japanese administration, the prefec¬ 
ture stands immediately below the Imperial Government and usually 
deals with the local units directly. The Ji'orthem Ryiikjms were ad¬ 
ministered as part of Kagoshima prefecture; tbe Central and South 
Ryukyus, comprising the whole of Okinawa prefecture, were admin¬ 
istered as a unit. Prefectural governors were appointed bj’ the Prime 
Minister, and operated with a secretariat and four departments— 
General Affairs, Education, Economic Affairs, and Police. An elec¬ 
tive assembly served the governor In a largely advisory capacity and 
bad virtually no power. In addition representatives of the various 
Imperial Jlinistries were assigned their sproific duties in the Ryukyus. 
Except for the governor, his advisors, and an occasional high ofScial, 
most of the administrative posts were held by Ryukyuans. 

Within the prefectural governments in the Ryukyus, branch offices 
were established on the more remote islands to facilitate their admin- 
istiation. Two such offices were present in the North, two more in 
the South Ryukyus. The Central islands were themselves the seat 
of the Okinawa prefectural government and needed no branch offices. 

The seats of the local administrative units were the cities, towns, or 
in rural areas, townships. In all cases the mayor or headman and 
their staffs were elected by the local assembly, which in turn was 
chosen by popular vote of all male residents over 25 yea re old. These 
citv, town, and township administrations could operate autonomously 
in purely local issues, subject of course to a veto from higher up. On 
policy matters, however, their courses of action were dictated to them. 
In rural areas the village heads were appointed by the township bead- 
man and served without salary, but had local prestige well worth the 
troubles of office. 
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The ikative animistic religion h:^ surriTed in little-modified form 
in the Central and South Bjukjus. Owing to long-time Japemese 
domination, it was less strong in the Northern islands. Its strength, 
however, from Okinawa sonth is indicated bj the absurdly small num¬ 
ber of adherents to foreign religions in that area. For 193^7 loss than 
1 percent of the people were Buddhists, less than S percent Shintoists, 
and only 0:2 percent Christians. This means that 94 percent of the 
people practiced their old-time religion, although a few may have 
had no religious feelings at all. 

The essence of this folk religion was the endowment of natural 
phenomena with supemataral forces. Thus fire, mountain peaks, the 
sea, and groves of trees made up a pantheon of spirits, to which the 
people paid homage. Locally sacred areas were marked by fetishes. 
Temples came as a later, probably foreign-mfiuenced, development. 

The worship of these vague naturalistic spirits is an old and very 
widespread form of religion. Particularly striking in Eyukyu 
religion was the veneration of the hearth, which was sacred to the 
fije god. Also noteworthy was the cult of sacrosanct priestesses, or 
“noros,” for whom celibacy was once a requirement of office. These 
“noros” were almost the sole religions practitioners of the native reli- 
^on, although lessor female assistants took minor roles. The office of 
“noro” was largely confined to certain families and was passed on from 
generation to generation with the paraphernalia of sacred objects— 
vesture, tablets inscribed with names of ancestral priestesses, a string 
of crystal beads with jewels or stones in between, and a fiie-gnd fetish. 

Almost every village had a **noro’’ who sometimes wielded great 
enough power to reverse the will of the people. A **uoro” figured 
prominently in the village-square festivals and was consulted at other 
timos for prayers ancl advice. Less benevolent practitioners were the 
fortune-t^ers, or “yuta,” who in addition to clairvoyance, would pro¬ 
pitiate evil spirits and ghosts. The Japanese administrators felt the 
“juta” abus^ their influence and in recent times outlawed their 
operations. 

THK Iwa Crcia 

There is little information on childbirth practices in the Byukyus 
immediately prior to the war. In 1939 the ratio of physicians was 
about S.5 per 19,000 population, and the number of registered mid¬ 
wives not much higher. The 1945 questionnaire administered to 471 
Okinawan mothers indicated that 68 percent of the women were 
attended by midwives for the lost child, with the remainder almost 
wholly unattended professionally. 

Formerly, both mother and child were kept close to the sacred 
family hearth for a week, while friends and relatives made loud music 
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day and night. This custom may stiU persist in out-of-the-way areas. 
Other ancient customs, such &s placing a crab on the male baby s head 
to insure early crawling, may also be found in tbs recent culture. 

Once the baby came into the Eyukyu world, we have tlie word of 
an American psychiatrist* that it was well mothered. Of Old* 
nawan mothers questioned in 1945, the arerage age of ^aning their 
last child was S.8 years (Japanese)During that time a mother 
seldom left her child, but carried it on her back in a sling. No s^ 
feeding schedules were followed, but the baby was nursed when it 
desired. When it was weaned the baby was taken orer by a substi¬ 
tute mother, usually the neat elder sister. These “little mothers'’ 
carried their charges in slings or led them around, and continued the 
Ryukyu system of good mothering. In contrast to the Japanese who 
commence rigid bowel training weD before a baby is 1 year om 
(Western), Hyufeyu mothers made no such attempt until their off¬ 
spring reached at least a year and a half. At that time the training 
was largely a matter of emulating the older children. A significant 
aspect of child training is pointed out by Moloney (1945, p. 394), who 
states that only once did ho see a Ryukyu mother corporally punish 

her child. , . , ^ 

When the child was over 3^ years old (Westora) it was ready for 

sriiool operated under the Japanese educational system. As Moloney 
(1945 p 394) says, “One not familiar with p^cbological maturative 
prooe^ would be inclined to believe that the Okinawan bmnd of 
mothering would produce a self-oentei'ed, a spoiled, an undisciplined 
child. On the contrary, they show themselves capable of hamnonjous 
social cooperation * * *- Calm, confident, and without fwr, they 

obeyed their elders, but were not obsequious” He emphasises that 
Japanese doctrine did not reach a Ryukyu child until, under the pro¬ 
tective tutelage of the home, its basic personality structure wm al¬ 
ready well consolidated. During the next 6 years m the nominal y 
compulsory lower elementary school, Japanese indoctrination only 
made a superficial impEession on the children. Lihe their parente, 
they learned to pay “a superficial and eipedient homage to Impenai 

^^D^fferential treatment of boys and girls began at preschool age and 
was continued with more force in the schools. At early ages, both 
seses were Uiight ascribed ^atus in society, so that they knew 
how to treat those people with whom they came in contact. These 
behavior patterns for girls required more humility and deference than 
for boys. In the early training of both seies, however, respect for 
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elders was emphasis. The etiquette of ostentatious self-abasement, 
however, never reached the heights seen in modern Japan. “Face^ 
was neveitheless important iu Ryukyu society, and the mechanisms 
of face-saving were leanted early in life. 

Ordinarily a child attended school for 6 to S years. Emphasis tliere 
a’os placed in tlte following order upon Japanese-style “ethics,” the 
Japanese language, use of the abacus for working arithmetical prob¬ 
lems, and memorization of large numbers of Chinese characters, For 
the sake of ‘‘health” and also to promote national solidarity, group 
calistlienics were often coordinated by radio with similar activities 
all over Japan, 

During the school years, boys and girls were taught to he useful at 
home, anti shouldered household bui’dens as soon as they were able. 
Girls usually took care of younger brothers or sisters. Boys assisted 
older men in the family in the mure specialized male ta^s. Both 
boys and girls did their stint in the field, especially at liarvest time, 
often dropping out of school to do so. 

At tlie age of 13 (Japanese), both went though coming-of-age cere¬ 
monies. Theseinvoiv^ the fii-st wearing of adult clothes, symbolic of 
tlie end of childhood and the assumption of a grown-up role in soci¬ 
ety. In recent times these ceremonies were of a more perfunctory na¬ 
ture, particularly since schooling might not be completed until the iieit 
year, or even later if more advanced education was desiied and could 
be afforded. 

At about the turn of the century, 14 to IT years was considered the 
proper time for marnage. Matdies were almost always arranged by 
tlie parents. In the 1920*fi and IDSOs, however, marriages began taking 
place Inter in life. By 1937 tile uveiiige ages for first marriages were 
27 for men and 24 for women. Obviously, as in Japan and the United 
States, most young Byukyuans w'ore not well enough fixed financially 
to marry in the ’teena. In addition, military conscription took many 
young men out of circulation for a while when they reached 20 years 
of age. 

Thebetrotlial in an arranged marriage involved visiting ceremonies, 
led by intermediaries. Details varied locally, and some of tlw mar¬ 
riage customs described in the literature may no longer be practiced. 
Both tlio “wife seardi” in the North, aud “bride capture” in the SoutJi 
liyukyus uiay now be things of the past. The marriage ceremony it¬ 
self was held in the groom's home. It was sometimes customary for 
the groom’s party to leave the bride for n belated and lengthy "bach¬ 
elor dinner” but tliis luxury could not be afforded by t he average young 
farmer. 

Ryukyu marriages were easily broken by common consent with a 
minimum of family turuioil. The divorce rate in the Central aud 
South Ryukyug was higher in the 1930’b than in any other Japanese 
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prefect. The brokea homes occasioaed by easy divorce apparently 
did not cause appreciable maladjustment in the diildren. The reasona 
for this are obscure and would men t special study. 

Almost all married couples and theit children lived in a uanow 
work-a-day world which called for hard labor and great frugality, 
Americans were particularly impressed with Hyukyu woman’s hard lot, 
not realizing her relatively high social status. It is true that the 
women worked in the fields, did the housekeeping, raised children, 
earned heavy burdens, marketed much of the produce, and performed 
many other routine tasks. But the men of the working class also 
worked hard. Theirs were more specialized tasks, such as building, 
carpentry, and irrigation, as well as a good part of agricultural work. 
Both sexes were extraordinarily well muscled and hardy, Tlie small 
number of days a year when they were too sick to work would make 
a proud record in the United States. 

This physically strenuous life, coupled with low emotional tensions 
and a simple and largely vegetarian diet, apparently made for late 
senility {Steiner, 1946, pp, 22-23). The number of elderly people 
compared favorably with that of TlVestcm countries noted for their 
medical science. Outstanding in the Rynkyus was the very small 
amount of heart disease, alimentary and kidney disorders, cancer, and 
other degenerative changes so common in the more civilized world, 

Old people were able to remain active moat of their lives. When 
tlteiy could no longer carry on, their families took care of them. Above 
oil, special care was taken to give them a proper funeral and place the 
coffin in the family tomb. Tears later the unmarried girls of the fam¬ 
ily would carefully clean the bones in sweet potato brandy, and rev¬ 
erently place them in a funerary urn. Within the vault these uma 
were arranged on an altar according to the Btatus and kinship of the 
persons whose bones they contained. The bones of the husband and 
wife were often placed together in a single um, so they could grow 
old together. It is reported that the tomba were delitemtely fash¬ 
ioned in the shape of a womb, and that the Ryukyuans considered death 
merely a return to the place from whence they came. 

Tnx KtITKTU CiTLtTM: PaTTOiN Alfla TBX WUKUJ YUCW 

In the past 1,000 years or more, the influences of Chinese and Jap¬ 
anese civilizations were largely absorbed by the upper class of Ryu- 
kyuans. Some of these foreign customs filtered through to the oom- 
nioners, who in the main went on eking out their simple rural esist- 
enco much on the same cnlturnl level as the medieval Japanese peasant. 
After Japan annexed the Kyukpis, she lopped off the upper classes 
there, placing almost everyono in commoners status. 

1919, n. wa 3 SteTlito . lait p. * 1!. W# coasldtr (liw rajwfti o! ^HwOeirtblo 
TilldjET. bat mnvit. dl#i^srar4 tbim 
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What rexaamet! of the indigenous Hjukyu culture was only the 
peasant part of it. The esoteric character of the upper-class native 
life was lost, to be replaced by Japanese customs. The peasant oul- 
ture Las been outwardly changed by new food plants, limited partici¬ 
pation in world trade, Chinese manners, and Japanese regulations. 
Yet inwardly it reflects an old pattern, the core of which probably 
goes back to an early agricultural level. 

This core is the food economy. It has never been easy for peasants 
to make a living in Kyukj'US, and to do so most effectively bas re¬ 
quired hard physical work, cooperative effort, and frugality. This 
hard work was performed cooperatively by family members, who 
farmed small plots of land in tenancy or nctual ownership. This 
placed tremendous strengtli in tlie in-group solidarity of the family, 
which was reinforced by a religion emphasizing the sacredness of the 
household hearth and tlie veneration of ancestors. Within the family 
relationships were regulated by differential behavior patterns for 
each member, Only enough fredtani of action was permitted to ab¬ 
sorb domestic tensions and alleviate otherwise intolemble personality 
clashes. Where husband and wife were so unsuited as to Uirenten 
family solidarity, divorces occurred. Theio ware accomplished with 
a minimum of controversy, the wife returned to her people, and the 
rest of the family carried on until a more suitable wife and motlicr 
was brought in. Children were usually extremely well mothered, 
and were serenely brought tip to take their ascribed adult status in 
the family and the immediate society. Family “face’' was as impor¬ 
tant 03 individual *face,” Both were preserved at almost any cost. 

Village ties were much loss important than the solidaritv of the 
family, but in modem times transcended the bonds of the patrilineal 
clan. Ties to the village were motivated largely by economic matters. 
Cooperative building, construction of roads, and improvement and 
repair of irrigation systems were some of the village enterprises. 
Group participation in religious ceremonials and social events, mar¬ 
riage bonds between village famiUes, and the village market helped 
cement village solidarity. In times of great stress, although a 
Ryukyu an would do a groat deal for his family, ho would probably 
make no great sacrifices for a fellow villager. In all probability, he 
would reject the thought of aiding an outsider. The loyalties were 
first to the family and then to the village. In bis world view, the 
Ryukyuan probably did not see far beyond either one. 

To make a living in the Ryukjus, everything had to be used. How 
else oould four or five people derive their support from an acre and a 
halfofhand-tilledsoil? Projectingthiafrugalilyintothe psy choiogi - 
cal realm, Moloney (XB45, pp. 394-SS5J suggests that it makes for tlie 
realistic attitude that worthless tilings, people included, are to be 
rejected. As he says, “Apparently • • • social consciousness 
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does not extend to that ’which is no longer valuable'’ (ibid, p, S95). 
As an Okinawan might have expressed it in a United Statoa Kavy 
hospital p. 393), “Why should I give blood to a countryman whom 

I don’t know, and who will probably die anyway!” In terms of tins 
realism, and the in-group solidarity which blots out other ties, there 
would be no answer to him. 

Tlie possessiOQ of a sometimes ruthless realism did not render tlie 
Ryukyuans “almost devoid of religious sentiments,” as Leavenworth 
(1905* p. 38) would have it. To be sure, few natives were converted 
to Buddhism or Christianity, hut in their own way they made strong 
identifications with the superuBtuml. It is important to note that 
these identifications were on a practical level. The old-time religion 
held that all of nature was alive and endowed with spirits. Because 
the people realized their helpless dependence upon nature, fire, moun¬ 
tain peaks, groves, rivers, and the sea were construed as vague but pow¬ 
erful friendly or unfriendly forces. The prayers and ceremonies were 
to please the friendly forces, and, insofar os their feeble powers per¬ 
mitted, placate the unfriendly ones. Tliere are no indications that Uw 
belief in inimical spirit forces made for a fear-ridden society. Possi¬ 
bly the popular attitude was rather one of remgnation, which might be 
expressed as “Wc will do what we can, and observe all the prtiprieties. 
Then come what may.” In their practice of ancestor worship, the 
elaborate funerary procedures were also carried out to the letter. 
Apparently tliere was deep satisfaction to bo derived from properly 
honoring the dead. A fine tomb for this purpose was a prime goal in 
Ryukyu culture. 

TETE 'W'AR AND THE FUTCRE 

The assigned task of the Ryukyus during World War II was to 
provide military conscripts and 'war workers to tlie Empire and to 
tighten the belts at home. As the Japanese military position became 
desperate, more and more RjTjkyuans were fed into the war machine. 
And beginning 'with tlie heavy United States air strike on October 10, 
1944, bombed-out natives fled to soutliem Japan. So by the time of 
the invasion, (lie civilian jwpiilatioD of tho Byufcyns was os low as 
it was about 1900. 

Okinawa and adjacent islets felt the smashing effect of a abootmg 
invasion, while only the military areas of other islands wore bombed 
and shelled by American and British forcra. On Okinawa itself, 
some 30,000 able-bodied native men were pressed into the Japan^ 
defense force of some 120,000. In many cases their families vvent with 
tliem and were caught in the bitter fighting. Most of the civilians, 
however, hid out in the hills and in caves under overcrowded and 
difficult conditions until they were brought out by tlie Americans. 
In addition to the injnriea of war, the luck of fooil, warm clothing, 
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sanitAtion, and medical cnre took heavy toll. One out of eight died 
aa n result of the invagion and the losses of able-bodied men and of 
infants wore proportionally much higher. 

The Okinawan civiliane were crowded into Military Government 
camps back of the lines (see pi. 2), Until the salvaged food in the 
area of these camps was exhausted, most interned Okinawoiis were 
fed enough to sustain life, None were fat, and emaciation, while not 
the average condition, was common enough. By early summer, their 
losses in body weight were not as great as their hardships would lead 
one to suppose. 

In midsummer of 1945 most of the 300,000 civilians were transported 
to new Military Govermnent camps in the more barren northern part 
of Okinawa. There they suffered great privations despite American 
efforts to take care of them properly. Housing wns most primitive 
(see p], 4, lower), sanitary facilities and water supply were meager, and 
food vras considered abundant if one day^s supply was on band. In 
the early fall a nutritional survey (Colbert and Lewis, 1945) reported 
that 10 percent were on the borderline of starvation, while 43 percent 
showed signs of early malnutrition. Average body weights taken by 
ages were down 10 percent as compared to the early summer figures. 

(^mmencing in the late fall of 1945, the internees were gradually 
released and permitted to settle in their home areas. The homes of 
90 percent of them had been destroyed during the Invasion, and many 
of their fields iiad been ruined or were reserved for military installa¬ 
tions. Part of the tremendous task of reaettUng involved aiding them 
in building new homes, reclaiming and releasing arable land, and 
feeding and clothing them until they could become self-sufhcient. 

The problems of Military Government were somewhat less difficult 
on the less war-torn islands. In 1947, however, the total Syukyu 
acreage planned for cultivation was only about 60 percent of the pre¬ 
war figure. This refiects the over-all dislocation of Eyukyu economy, 
and explains why even in the Erst half of 1947, one-third of the food 
consumed iu even the most basic rations had to be imported from the 
United States. These imports are being gradually r^uced, pending 
the time w‘hen the Ryukyus will be self-sufficient in food supply. 

IVhilo this reconstruction of Ryukyu economy was going on, over 
200,000 Ryukyunns from all over the Pacific were brought back to 
their homeland. This repatriation began in early 1946 and was vir- 
ttially completed that year. This brought the Jime 29,1947, popula¬ 
tion to 44,000 more than the early 1944 figure, so that the Rynl^ns are 
now as overcrowded as they ever were. The current hope for render¬ 
ing the Binikyus self-sustained in food supply is the work of mechan- 
ixed land-reclamation teams, cooperating with the farmer's associa¬ 
tions. If aU the arable land is utilized (see p. 386), it may be suffi¬ 
cient to support the present population. Rehabilitation of the fishin g 
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industry should also aid in providing food. In this connectioai sal* 
vaged Uidtcd States landing craft have been turned over to Ryukyu 
fi^ermcn. 

Efforts are also being made to rebuild other Kyukyu industries, and 
apparently the results have been satisfactory where raw materials 
and in some cases salvaged equipment ate obtainable. The Military 
Government rehabilitation program envisages trebling the atone quar¬ 
rying and woodworking production to meet high current needs; build¬ 
ing up the cement, Pananm-hat, and lacquenvarc industides for export; 
eventually developing silk production to meet the lo<ral demand; and 
bringing buck the ceramic, brick, dyeing, sulfur, and coal output to 
prewar levels. The household crafts, such as mat making and linen 
weaving, went back into production with less difficulty than other 
mdustries. 

As early as September 1945 temporary elementary schools were or¬ 
ganized^ By early 194T, enrollment was as high as in 1937. High 
schools and technical schools were being organized, and present labor 
laws require school attendance until 13 years of age (Japanese) * School 
texts have been mimeographed and di^ibutedL Certainly the curric¬ 
ula of present-day schcx>ls represent a decided change from prewar 
days. In addition to educating the youth, special adult classes have 
received pmctical instruction* Motor maitiienartce and repair, use of 
heavy equipment, and preparation of unfamiliar imported foodtstuffs 
are examples of this training progi^Eun. 

Recently malaria, influenza, and trachoma have been the most preva¬ 
lent coniinimicable diseases. Before the war, malaria was endemic 
only in certain areas of the Ryukyus, but the thorough shuffiing of the 
native population during and after the invasion has rendered the dis¬ 
ease an iflland-wide problem. Mass immunizations for smallpox, dys¬ 
entery, and diphtlieria (see pL 5, lower) have been, carried out by 
Militaiy Government uutliorUies. The prevalence of intestinal para¬ 
sites and filariasis in the native |>QpulaGon needs the attention of a co¬ 
ordinated program, but will require sanitary measures to which the 
Ryukyuans are unaccustomed- 

In early 1947, 25 Christian churches were holding services in the 
Ryukyus*, with about 200 more members than in 1937, (See p. 396.) 
Attendance doulded by the end of that year^ It will bo interesting to 
see whether or not a Christian philosophy ean be successfully grafted 
to the Ryukyu culture pattern. 

The rehabilitation of the Ryukyu people ia proceeding apace under 
American ailministrntion. The immediate goal is to make them econ¬ 
omically self-sufficient- The ultimate problem is how to best farili- 
tate the adjustment of a simple agricultural people to the modem 
industrial world. 
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PUZZLE IN PANAMA^ 


By WiliM a. Bowjmt 
Enffin^erin^ X^ww^Reoord 


(^Vith « pliiMl 

A good many Uungs came to an end when the atomic bombs cixploded 
over Hiroshijna and Nagasaki. And not the least of those things that 
were lost forever TPas our confidence in the security of the Panama 
CanaL 

That fact is now being reflected in a comprchensiTe engineering 
study to determine whether the preeeiit Canal or any canal in the 
same or any other location cim made safe for our merchant and 
naviJ fleets in wartime. And, of equal concernj if not of the same 
grimneas in consequences^ is the problem of the adequacy of the Canal 
to meet the growing demands of peacetime shipping. It all adds up to 
a pu^e of flret-order magnitude. 

Nor is the puzzle simplified (although the scope for its solution 
is undoubtedly broadened) by the fact that the atomic bombs not only 
blasted confidence in the present Canal but also raised up a ghost— 
that of a Panama sea-level canal whose eailhly body was interred on 
June 20, 1906, when Congress adopted the lock-type canal favored in 
the minority report of President Theodore Hoosevelt^s board of con¬ 
sulting engineers. And to this sea-level canal ghost the present in* 
vesiigators may weU repeat Hamlet^s famous que^ions to the ghost 
of his father, ^Be thou a spirit of health, or goblin damned t Say, 
why is this? Whoroforet What should we doP Sea level or not, 
and if not, then whatf That is the question, and the present piimle in 
Panama. 

Because a proper solution is of vital importance to every American, 
and of mafor interest to all engineers and construction men, a first¬ 
hand account of the progress of the studies was deemed timely and 
desirable* What the conclusions and recommendatiQns will be is not 
now known, indeed will not be known until they are reported to Con¬ 
gress late this year (1&4T) * But after 2 weeks in the Canal Zone talk¬ 
ing to officials, witnessing tests, traveling the canal, clambering over 

^ HeprUsted by pCrmluloD from Eiapliarfriitf N^wf^atconi, yeiI ISf ^ 
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its f&tnous oiice-sliding bunks, Inspecting its loclts snd dams, and listen¬ 
ing to scuttlebutt and nimoi', a reasonably' complete account of “Isth¬ 
mian Canal Studies—can be rendered. This is it 

object AND PLAN OF TflEIE STUDIES 

The studies had their begiiming on December 38,1845, when Public 
Law 280, SeTeuty-ninth Congress, first session, was passed. In it 
Congi'ess said to the Govomor of the Panama Caual, “Tell us how we 
and the American people can best be assured of a ship crossing of the 
isthmus that will be safe from war haaards and of ample capacity lor 
many years to come. Give us a recommendation for the best type of 
canal and the best route, no matter where located, in Panama or out.” 
Included in the studies, of course, was to be a revaluation of the $377,- 
000,000 project to build a third set of locks, larger and removed some 
distance from the present pair, begun in 19S0 (Engineering News 
Record, September 14,1930, p. 330) and suspended because of the war 
in 1942 after most of the necessary escavatioa bad been completed. 

Maj, (jen. Joseph C. MehafFey, Governor of the Canal Zone, and him¬ 
self an Army Engineer officer with a long record of service on the 
Canal, lost no time in initiating the authoriaed study, for which about 
$5,000,000 has been provided, Assigning the task to the Canal’s 
special engineering division, which was created to handle the third 
locks project, he appointed Col. James H. Stratton as supervising engi¬ 
neer. Enjoying an outstanding reputation ns one of the ablest tech¬ 
nical men and administrators in the Corps of Engineers, Colonel 
Stratton was soon successful in assembling an nnusnally capable stnfT 
of civilian engineer specialists to head up the various phases of the 
work. Supplementing his oivn organization with a board of eminent 
consulting engineers to afford continual guidance and advice, he went 
to work. And as need developed, individual specialists from private 
life and from the OJSce of the Chief of Engineers were called in while, 
in addition, special researcli contracts were awarded so os to bring the 
nation’s best talents to bear on the problem. 

The procedure of the studies is simple and effective. Investigations 
of each particular subject—routes, lock design, dredging, drilling and 
blasting, soil mechanics, flood control, hydraulics, construction plan¬ 
ning, to name a few—are carried out by the staff specialists through 
their own research and analysis and aided by the outside research con¬ 
tracts. As the study of each phase or subject is completed, a report 
or memorandum is prepared. iTien, at the periodic meetings of the 
consulting board, the section heads present the memos (No. 183 liav- 
ingbecn reached on ilnrch 1,1947), which are approved, turned down, 
or returned for fiinher study. 

The eventual result of this whittling and sifting will be a set of 
conclusions from which n final recommendation can bo made to the 
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Governor by Colonel Stratton and the board. If the Governor accepts 
itj as is probable since ho keeps in close touch with the work even to 
taking part in the constiUing board meetings, the Tc^xtmmondatipn 
will be presented to the War taid Ifavy Departments for revieWf and 
will then go to Congress, What happens after that in the way of 
actual design and construction is up to the law makei^, the President^ 
and the American people. 


FidUDE 1.—The raaanta Cfttu-l end tJiree of the attemiitc touteB to its Tidnltj 
fesalbUlty and reUtlre and Beourlt^' an? luidcr inv^nsti- 

Snnoti. 


Corisidering the study procedure and the topnotcli technical tolents 
of the men engaged on work, and observing their eamestne^ of 
purpose and high sense of rcspoDsibility, one cannot but feel that the 
recommendation will be honestly arriTcd at, technically aound^ and 
unaffected by frivolous ’whims or superficial reasonings There almost 
surely will be tho^e who will disagree with the recommendfltion, hut 
none except the carelessly biased or the unscrupulous ’who would ques¬ 
tion its iutegrity. 










Siiicfi CoDgreas ordered examination of all possible routes, the ob¬ 
vious line of attack was to study each possibility in turn to the point 
where it dimioated itself from consideration becansa of lack of water 
for lockages, too great length, poor terminnls, excessive excavation, 
lack of security, and other applicable reasons. If followed thoroughly 
and fairly, this procedure should leave for hnal consideration the best 
type canal on the best route. To achieve a degree of comparison among 
ad routes a hypothetical canal was initially assumed in each ca^, with 
a bottom width of 600 feet and with side slopes of 1 r 1* 




FiauaeS. — Eoglneerio^ tmd cDDitraction studies eeccuDiHisaed 22 Istkiulaa 

routes from Mexico to Colombia* Tbofie amued Dins two otbeis—Hie PiumiDfl 
ForaUel flud PnzLumn OoureislDu Routes iiear the preaeot caauL—warruuted 
the most stuib'. 

A total of 22 routes wns exainined, as shown on the map, figure % 
Including pructically all of the routes that have been proposed or 
studied over the past century or more, the list contained some that were 
readily dropped from consideration as patently impractical, others 
that required more detailed study, and a few upon which specinl Geld 
work was deemed necessary. Indicative of rou tes easily eliminated was 
Tehuantepec in Mexico, which has the advantage of being nearest 
the United States, but would require 6^ billion yards of excavatioi] 
for a sea-level canal and 16 lifia of about fast each for a lock canal- 
Another even more easily dimiaated was Cliiriqul in Panama near 
tha Costa Bican border where an even greater yardage would have 
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to be removed to Cfcete a ses'lerel caaaI and ’where there is no water 
at high elevation to supply a fock canal. 

MOST STUDT OIVEN 4 OF 22 BUL'TES 

Elimination of the patently impractical routes left four, outside the 
immediate area of the eiisting canal, for further study—San Bias 
(named foe an area and an Indian Tribe) and Caledonia Bay, for either 
a sea-level or a lock canal; Atrato-Truando (named for the two riverg 
that it follows) for a sea-level canal; and Nicaragua (with Pacific 
terminus at Brito) for a lock Cl:^na]l Except for Nicaragua, the avail- 
able field data were less than desirable to permit a satisfactory an¬ 
alysis. Field surveys were, therefore, undertaken, using both ground 
and aerial mapping procedures. Such ultramodern aids as two-way 
radio communication between groand and air, radar proGIing from the 
planes, mapping cameras that take pictures at l-seoond intervals, and 
special ground altimeters provided much better data than were uvail- 
ablfi before, so that the decisions that will be made as to these routes 
should be correspondingly better. 

Whether San Bins, Caledonia Bay, or Atrato-Truando will Ik> 
shown to have potentialities comparable to Nicaragua, whose merits 
have long been recognized, remains to be seen. However, a sea-level 
canal at Nicaragua is probably ruled out because the Decenary drain¬ 
ing of Lake Nicaragua would deprive the country of an Lmpoilant 
body of water and probably alter its climate. The lock canal, favor¬ 
ably reftorted on in 1&31 by the late Gen. Daniel Sultan, is still one 
of the best possibilities if a supplementary canal at anolhor location 
than Panama is deemed necessary. Its cost now could easily he twice 
the ^32,000,000 estimated by General Sultan, and its safety from 
modern 'weapons of destruction would be no greater than that of the 
present canal, but such disadvantages are relative, and might, in a 
comparison with other routes, be worth accepting. 

lMI‘BOVtNO THli I'BESENT CANAI, 

Obviously, any new route for a canal mmst be far superior to the 
present one to warrant serious consideration, unless, of course, we ore 
to have two canals, a possibility that cannot be ruled out and one which 
it is undetatood has been considered in connection with some proposed 
routes near the present canal. These 'will be described later in this 
article, but first the proposals for improving the present canal need 
to be considered. 

The existing Panama Canal lias many advantages. It lias o|Jerttted 
successfully for over 30 years. Its length is comparatively abort. Its 
total hick lift of 35 feet is moderate. It has ample water supply. Its 
terminals are established communities with efficient harbor and port 
facilities. It represents one of our proudest national possessions, and 
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is among ono of our largest capital assets. What then does it lackf 

Pirst, its present capacity ia estimated to be inadequate for com¬ 
mercial shipping after 1964, and its locks are not ^ide enough for 
modern and futiire naval vosselB. (It was to overcome these dis¬ 
advantages that the Third Locks Project was initiated, providing 
lock chambers 140 feet wide os compared with the present 110 feet.) 
Second, it may not be safe against modem bombing. These were tiie 
items—capacity and security—on which Congress asked to be assured. 

Itisofar 05 capacity is concerned it is certain that the lockage load 
of the present canal can be increased. The Tliird Locks Project would 
do it. lieplaccjnent of the existing lochs with new ones of larger 
dimensions and inci'eased efficiency would also do it. Even the in¬ 
stallation of a type of gate that could be removed for maintenance 
and repair (while a temporary gate replaced it) would greatly in¬ 
crease capacity hy reducing the present overhaul lime that keeps one 
lane of the existing locks ont of service 4 months every 2 years. 

The present investigators, however, ere believed to favor a fourth 
way as best meeting the needs of increased capacity and security for 
t h e present lock canal. Tbisisby means of the so-called Paci fic termi’ 
nnl lake plan in which all lock lifts on the Pacific side would be 
concentrated in tlie vicinity of Mirafloresj in effect this would elimi¬ 
nate the single-life lock at Pedro Miguel, and raise Miraflores to 
elevation 85 feet so that it would become an integral part of Gatun 
Lake, connected to it by GaiUard cut. 

To understand tJiis plan, as well as ones proposetl to convert the 
lock canal to one of tlie sea-level type, it is necessary to have the lay-out 
of the present 45-mile long canal clearly in mind. Briefly, it consists 
of a large artificial lake, called Gatun Lake, at elevation 85 feet above 
sea level, reached by three lock lifts on both the Atlantic and Pacific 
sides. Ships entering from tho Atlantic side, for example, are raised 
in the Gatun locks whose three lifting chambers, each 110 feet wide 
and 1,000 feet long, are continuous and in the same structure, Tliey 
then traverse the lake for some 20 miles in a winding channel 500 to 
1,000 feet wide that follows the former valley of the Cbagres River 
whose waters have been impounded to form the lake. 

Leaving the lake, ships enter Gail lard cut, 300 feet wide at the bot¬ 
tom and 7 miles long, emerging to enter a single-lift lock at Pedro 
Miguel, which drops them 30 feet to Miraflores Lake at elevation 55 
feet above sea level Miraflores Lake is about a mile long, closed 
at its southern end by Miraflores locks, a two-lift structure in which 
the ships are lowered to the level of the Pacific Ocean, which is 7 miles 
farther on. It will be recalled that Uie single-lock li ft at Pedro Miguel 
was separated from tlio Uvin lifts at Miraflores (instead of putting all 
three together ns at Gatun) because of poor foundations at the north 
end of the Miraflores site. Some of the early canal engineers did not 
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agree that the conditions ware as “poor” as repreaontcd, and matij 
concur in that Tiew today. 

IMPROVING THH LOCK LAT-OUT 

The Pacific terminal lake pi on referred to above, advocated ty sev- 
eiul engineers at the time the present canal 'was being plfitinad„ and 
before that by one of the early French engineers, would increase the 
capacity of the canal by putting Miraflores Lake between the last lock 
lift and the entrance to Gaillard ent, thus providing an anchorage 
area for Atlantic-bound ships above the locks in case tJie cut were too 
foggy to navigatOv Now ships have to wait below Pedro Miguel lock 
or out at sea until the cut is clear. 

The theory is that in bad weather a good many ships could accomplish 
the slow process of locking-through whereas now the locks are idle if 
thecutisEhroudedin fog. In any such improvement scheme, of course, 
the new locks could be built of increased size and efficiency (some of 
as much as 200 feet width, 1,500 feet length, and of twcnlift design, 
having been studied), which would furtlior augment the canal capacity. 
Also, most of tlie schemes studied have contemplated raising the level 
of Gatun Lake from elevation 85 to elevation 03 to increose the supply 
of lockage water. 

As to increased security, the supposition apparently is that a con- 
centration of all lock lifts in one place would also permit more effecti™ 
concentration of protective facilities and defensive measures. Addi¬ 
tional security could also be achieved by separating the two lanes of 
any new locks safe distances from one another. 

mwiERfllON OF CANAL TO StiA LEVEL 

But is any type of lock canal secure in the sense that Congress used 
the term in the request for the study? The decision of the investi¬ 
gators on that point is vital. Otie has only to recall the movies of the 
Bikini atomic bomb tests, where a column of water that looked to be 
half a mile across was thrown several thousand feet in the air, to visu¬ 
alize what would happen to a lock, Or look at the hole m the g^und 
caused by the explosion of a hundred pounds of dynamite and inter¬ 
polate to tlie equivalent effect of miliions of pounds of TNT. And 
once a hole were breached in a lock or one of the impounding dams, 
the lake would drain out, and no amount of repairs could restore the 
canal to service until rainfall and run-off refilled the lake. It is a 
sobering thought, and one that cannot be ignored under the mandate 
that Congress wrote into Public Law 280. 

One way to eliminate the danger is to eliminate the lake and the 
locks, to convert the canal to a sea-level waterway. And there is ample 
evidence that the investigators are studying the possibilities long and 
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carefuUy. For one tlung, they have built a half-mile-long model of a 
sea-level canal to the alignment of the present lock canal to test the 
effect of tidos on currents. They have sat up criteria for improved 
alignment) and are having the Navy study the behavior of ships in 
canal models built to these criteria in the David W, Taylor testing 
haHin at Carderock, Md. They have let design and study contmcts in 
the United States for the development of dredges that can. dig at un- 
preoedented depths, as would be necesaiy in Gatun Lake. And they 
have recently tested tide-gate and navigation-pass lay-outa in their 
sea-Ioval model in the Canal Zon e. All these activities point to unusual 
concern with the possibility of converting the present lock canal to one 
of sea-level type. 



flfiVBE A—Maps indicatlDg lecatloa ol ’rtilrd Lwlu Project, begun la 19^, 
relative to prescni locfca. (See plate 4.) 


OV tte 


MCIFK END 
OF canal 


Of the numerous ways by which the conversion could bo effected, at 
least two are known to have been studied, one involving lowering Cbitun 
lAke to sea level in stages, the other lowering it in one operation. 
They have been called the stage-lowering plan and the deep-dredging 
plan. 

TO SEA LETBL BY BTAOES 

The essential element of the plan for lowering Gatun Lake to sea 
level by stages is a temporaiy lock at each end to permit the passage 
of traffic at each lowering stage, first from elevation 85 to 50; second 
from elevation 50 to 20 ^ and third from elevation 20 to sea leveL The 
location for these temporary or conversion locks is ready-made in the 
cuts that were dug for the Third Locks Project, ^ mile east of the 
existing Gatun locks at the Atlantic end and % mile west of Mira- 
floras locks at the Pacific end, although some widening might be t«- 
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quircd if locks widur than the 140 feetoiiginfllly pliiimed were deemed 
necessary. Should the third locks idea be abandoned, this plan thus 
provides an effective way to save a large part of the investment already 
made in that project. 

Two variations of the conversion locks have been studied, one using 
a single-lane lock, the other a double lane. Since two lanes for traffic 
must be maintained during all lake-lowering stages, adoption of the 
single-lane conversion lock would require also that 6rst one lane and 
then the other of the existing locks be modified to operate at the lower 
Jake stages. This would entail a construction operation of consider¬ 
able magnitude and difficulty, since the center wall between the existing 
locks would have to be underpinned during the time tliat the upper 
chamber of one lane was being removed so that this lane could be 
available for traffic when the lake was lowered to elevation 50. Later, 
when the other lane was cut down from elevation 85 to elevation 20 to 
serve traffic at this lake level, the same ticklish operation would have 
to be repeated, jVs a corollary of the constriction difficulties of this 
method there would be considerable risk, for a failure of the center 
wall might result in draining the lake. 

The two-lane conversion plan is both simpler and more certain, for it 
would permit complete abandonment of the existing locks during the 
lowering stages. The idea would be to moke the conversion lock of 
one-lift design, capable of being used at all stages from elevation 50 to 
sea level. While the lock at the Atlantic end, for example, was being 
built in tlie third locks cut, seaward from the unexenvated plug that 
separates the cut from the lake, the deepening of the channel in the 
lake would be carried out. This would entail dred^ng to a maximum 
depth of about 85 feet (present water surface, elevation 85, minus 
future water surface, elevation 50, equals 35, plus a BO-foot channel 
equals 85 feet). Such a depth is well within the capabilides of con¬ 
temporary dnrfging equipment. 

Once the channel was deepened, the ping ahead of the conversion 
lock would be blown oat, and the lake water surface rapidly lowered to 
elevation 50. Then, with the two-lane conversion lock in constant 
service, the channel could be deepened os the water surface wag progres¬ 
sively lowered until the bottom of the excavation reached project grade 
of 50 feet below sea level (and increasing to 60 feet at the Pacific end 
because of the greater tide variation there). 

At the Pacific end the conversion plan would be only slightly differ¬ 
ent, The single-lift conversion lock would be built in the third locks 
cut at Miraflorea. When it went into service, as the Gatum Lake water 
level was dropped to elevation 60, Pedro Miguel lock, which operates 
between elevation 85 and elevation 50, would be high and dry. Since 
the third locks cot at this location was hardly more than begun before 
that project was shut down, a bypass around the existing lock wonld 
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have to be provided This, however, would be a part of the required 
rhannel deepening and not lost motion. 

Finally, with nispect to any of the stagedowering plans, there is one 
special requirement to be met that would involve extra cost and con¬ 
struction difB niHy. This is the provision of salt-water pumping plants 
to make up a deficieni^ of water for lock operation after Gatum Lake 
is lowered to elevation 50. Estimates indicate that such plants might 
have to aggr^te over 4,000 second-feet in capacity. 

DEEP-DBEEMlING PLAN 

All the expense and trouble of conversion locks could, however, be 
eliminated if dredges could dig as deep as 135 feet below the water 
surface, i. e. from elevation B6, existing lake level, to elevation —50, 
the required sea-level channel depth. It is the great appeal of this 
plan, as to aimplicity and to probable lessened cost, that has led the 
investigators to award the special dredge-development contracts. 
Should this plan prove feasible it would only be n^icessary to dredge 
channels in Gatun and Miraflores Lakes to elevation —60, and then 
knock out the protective plugs in the third locks cuts, draining the 
lake. There would be 0 to 10 days interruption to canal traffic while 
the plugs were being removed and tbs channels cleared of debris, bnt 
after that the sea-level canal would be a going concern. 

Simplg in concept though it is, the deep-dredging plan raises some 
puzzling questions. One of these is basic; Can dredges be designed 
and built to dig at 135-foot depths, and fast enough to be practicable 
from a cost standpoint 1 To find out, two contracts have been awarded, 
and to date the results are encouraging. 

One of the contracts, covering both the design of a hydraulic cutter 
head dredge and studies and estimates of a construction plan, >8 lield 
by a combination named Panama Contractors and consisting of 
Gahagan Construction Co., Standard Dredging Co., and the Atlantic, 
Gulf and Pacific Co. Their coutcmplated dredge is said to have a 
46-inch suction and a 40-inch discharge, and to incorporate thq unique 
feature of a booster pump set about 65-foot down on the 185-foot long 
boom. Lifting and swinging gear would be of unprecedented size, 
and large buoyancy tanks would help support the boom. The spuds 
on this huge machine would be 160 feet long, the lower 80 feet of which 
telescopes into the upper part as required for adjustment. 

The second dfiep-dredge contract covers design only of a bucket 
ladder dredge and is held by the Yuba Manufacturing Co,, specialists 
in those types of dredges. Although ladder dredges with %-yard 
buckets have operated at lSt4-foot depths in Califonna gold-mining 
work, nothing approaching the high capacity and 135-foot depth 
required for the Panama dredging has ever been built. Buckets as 
large as 6 cubic yards were investigated, but it is believed that the 
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greatest efficiency , relating power input to excavation production, can 
probably be attained with 3-cabic-yard bucfeats. Designed so that six 
such bnckets would always be in contact with the bottom, a ladder 
dredge, it is claimed, would provide an efficnent means for digging at 
lS5-foQt depths. 

Large dipper dredges, although impracticable for such deep work, 
can be used for slightly shallower digging, particularly in hard ma¬ 
terial, and the Bucyms-Erie Co+ holds a third design contract for such 
a macbine capable of working at a SC^foot depth. With a 20-yard 
bucket for hard digging and a SO-yard size for softer material, the n^ 
of four 9S0-horsepowcr motors on the main hoist of such a dipper 
dredge, supplemented by a 165-ton connterweighU would provide 
speedy operation and large productioup For all the propo^d dredges 
there to be a preference for self 'Contained Diesel'electric power 
units rather than relying on an outside energy sourcOi The cost of any 
one of the dredges, it is rumored^ might run as high ns $5,000,000* 

Another important consideration id the deep-dredging plan relates 
to drilling and blasting procedures under such great depths of water* 
Such work has never been douft bfifore^ and powder-company estimates 
of the amount of explosives re<iujred are quite variable—from £ to 4 
pounds per cubic yard of rock removed as compared to conventional 
charges of ^ to 1 pound. Tests now under way in the Atlantic 
approach to ^e third locks cut, however, prove that the Gatun sand¬ 
stone, a relatively soft rock, can be broken to sikcs for handling by any 
of the contemplated dredges with only slightly over 1 ponni gimilar 
deep-driUing and blasting teats aro planned in the hard basalt rock 
that prevails on the Pacific side. 

Powder coats could, however, be doubled or tripled without any im¬ 
portant consequence. Getting the holes down is what will run into big 
money. The actual drilling at great depths adds no new difficulties, 
according to the present tests, so that the crux of the drilling question 
will be speed and how to attain it j whether by exceptionally long drill 
steel or by the development of techniquea to connect more conventional 
lengths rapidly; whether by a few soperslze drill boats or by largo 
nurobers of smaller oues j and whether by rotary or perensgion-type 
drills. 

TIDE C0*N'TH30L 

Any sea-level canal, no matter how or where built, will require a 
number of auxiliary structures and special construction operations* 
Thus, structures that will exclude unwanted currents, as from tides 
or from entering rivers, are of prime importanoe ; while the necessary 
canal alignment to assure ease of navigation and the required side 
dopes to obviate slides will affect dry as well as wet excavation 
pimetieea. 
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A great deal of design effort and model study has been expended 
on the subject of tide control;^ since the large difference in tide ranges— 
20 feet m axirnmn on the Pacific side and only 2 feet on the Atlantic— 
would be expected to generate a considerable current* Actually the 
mftximnm velocity has been shown on the sea-level itiodel to be only 
4*3 knotSi and interestingly enough tliis occurs at the Atlantic end and 
farthest removed from the high Pacific tides that create it. Never¬ 
theless^ this is considered excessive for ordinary merchant-ship opera¬ 
tion in a canal much of whose bottom and banks would be rock^ as oon- 
ti^sted with the sand in the Cape Cod Canal where such a velocity 
occurs, and means are being sought to reduce it. 

One method, and the one proposed in the majority report on the 
original canal in 1004, is to use a barrier dam end locts^ But since 
it would take time to lock every ship enteriug or leaving the caEml, 
even though the average lift would be only about fi feet and the maxi-^ 
mum 10 feet^ the present investigators have been studying a ^navigable 
pass"^ arrangement similar to those used on the Ohio Biver by which 
ships could pass between canal and ocean at certain tide stages without 
u^ing the locks. Not only would this speed canal operation, but the 
navjg 5 %tlon-pass lay-out would provide maximum security from bomb¬ 
ing since, if hit, the closure deun could be quickly dragged out of the 
way. Then the canal could be used without tidsl rtgidfttion, which is 
deemed practicable in an emergeucy. 

An opening could of course bo cleared through a barrier dam and 
lock, if they should be bombed, but it would be a time-coDanming 
operetion. Moreover, it is believed to be the present thinking of the 
investigators that use of the navigable pass %vould so familiarise the 
pilots with open-water operation of the canal that they would be 
ready for any Emergency, whereas the lock-and-dam plan would not 
permit this advance training, 

EMSIEEN^S OF NAVlGABLE-PAgS VLAM 

The proposed navigudou-pasa lay-out would include three eie- 
mexita— the pass equipped with a movable dDm, a set of lock^ and a 
gated water-control structure. Just how these would be arranged 
would depend upon tlie location chosen for the tidul-control works. 
One of the arrangements tested on the sea-level model places the tide 
lock, equipped with sector-type gates, in the third locks cut at Mira- 
flofes* the navigation pass, with a TM-foot-wiJe opening, in the ap¬ 
proach to the present canal; and the water-control Btnicture^ of 
whatever width necessary, beside it* An interesting aspect of this 
arrangement is that the tidal lock could temporarily be increased in 
height and used os the conversion lock should the stage-lowering plan 
of canal conversion be adopted. 
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From the lay-out on the sea-level model it is apparent that the 
designers are thinking of a retraetable-type dam across the navigation 
passL And, since the dam must be capable of withstanding a lO-foot 
hydrostatic head on either side, a triangular cross section steel box 
has been chosen. Mounted on rollers, the prototype dam would be 
SO-foot high, Ktending 60 foot below and 20 foot above the eea bot¬ 
tom. One contemplated way of operation is by hydraulic pressure, 
introducing water into the retracting chambers to close tbo dam and 
evacuating the water to open it. 

The water-control structure involves a normal tainter gate set-up, 
its purpose being to bring tlie pool elevation inside the navigation 
pass to the tide elevation outside as early in the tide cycle as possible 
80 that the navigation dam can be open the maihnum length of timfc 
Under the tentative criterion of a maiimum permissible corrent of 
lA knots (3 miles per hour) the tests indicate that the navigation 



FiacBE G.—Oaa at tlie tHecaatroI acticmee rttidletl locatag tbe neceaaarr etructares 
fcpiafldaltfcftbe pieseat Mtnflnrea I^cka A tide loek la placed In ttae eidat- 
ICLff Third Locks Cut, a navlgahle ]»as, with retnecatle^typa gates, Jn tho prescm 
caaal. aad a tmater-gate nater-caatrol structure la an adjaee&t bjpass chaDuel, 

pass can be used on an average of one-third of the tune, or from 
to 3^^ hours out of each 6-haur tide change depending upon the time 
of year. 

How the tidal variations in the model are produced is of interest. 
The model itself, built to a geometric scale of 1:100, is a half-mile- 
long slab of 4-inch concrete laid to the alignment of the present Jock 
canal and supporting concrete curbs to simulate the canal slopes and 
define the channel. At each end are basins representing Balboa and 
Cristobal Harbors, and to these a constant amount of water is sup¬ 
plied. Then, by wasting varying quantities of this water through an 
electrically operated gate, the desired tide elevatione in the harbors 
are obtained. 

The waste gate is controlled by a special tide apparatus, chief ele¬ 
ment of which is a cam whose shape was scribed by a polar plot of 
the tide elevations at each hour of the cycle. Connected to a time 
mechanism this cam keeps tJie waste gate as far open or closed as 
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the tide at a partkolar time ia the cycle requires. Water levels m 
the canal during the tests are measured by automatic recorders, and 
velocities by pygmy current meters or by tiine-eiposure pictures of 
lloatiug confetti. 

FLOOD CONTROL 

One of the requirements of a sea-level camel will be complete es- 
elusion of entering streams. It would be expected that flood flows 
would have to be kept out, but recent testa indicate that even smaller 
flows, which could otherwise be carried by the canal, create objection¬ 
able currents. Salt and fresh water do not mii quietly. 



tj<Te cjcic. Between B and C flow weald be ertit of canal tbreoiEb watcr-coatrol 
{(Btee. and between B iind F tlie flew weald be Into Uie caDOl. Dorlni; these 
perlLJdtf caaM use pnsa 

Ware t!ie Pauama Canal to bo converted to sea level, such im¬ 
portant rivera as the Chagrea and the Gatun from the east and the 
Triniflad and Cano Quobrado from the west would have to be blocked 
and the water carried to the aja through diversion channels, A dam 
would no doubt bo required at Gamboa on the Chagres to impoimd 
the excess run-off of Urttt stream, which is not now held by the existing 
Madden Dam fartJier upstream. But it would probably not have to 
be OS high <ia view of the supplementary effect of Madden) as the 
oue proposed for the same location in some of the original canal plans 
and tvhich then caused go much discussion with respect to foundations 
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and type of structure. MoreoT^er^ our present knowledge of dam 
building generallj and of foundation conditions at the site is far 
advanced over that of 40 jeara ago, 

IMPROVED CBANNEL ALIGNMEKT 

One of the necessities for a safe canal of ample capacity is an align¬ 
ment that pennita easy bandling and maneuvering of shipa^ and the 
present canal is fur below a reasonable standard in this respect. The 
investigators bave^ therefore^ devoted much attention to this subject-, 
fiince it is appropriate to any canal route that is to be chosen. 

As a target to shoot at and test, rather severe criteria were set up* 
These include a 500-foot-wide channel bottom, a 50-foot depth, curves 
of 20 degrees maximum deflection angle (some of the present ones 
are near twice that), sight distances on curves of not less than a mile, 
and 5-mile tangents between curres* These dimensions and others, 
both more severe and more conservat ive, are being tested in the Navy 
model basin at Carderock, Md., where the handling of model ehipg 
under various current oonditiotis will also be studied. T\Tien conclu¬ 
sions are reached, the outdoor sea-level model in the Canal Zone will 
bo rebuilt to the new criteria os u further check on perfoimance. Since 
all studies are based on providing ample canal capacity up to the year 
2,000 such modem and future navigation aids as infrared lights, fog- 
dispersal equipmotit, and radar and electronic device are not being 
overlookecL 

WTiatever the alignment and dimensions chosen, they will materiafly 
affect the cost and construction methods of a canal, lock or sea level, 
since a greater or lesser bottom width or degree of curvature bringE 
different goologicat formations into the picture with their differing 
Bide slopes that ore safe from sliding. 

GE^ODOGX POSES MANY PROBLEMS 

The area traversed by the present canal is noted for its upside-down 
geology, hard nxrk occurring regularly on top of soft material. It 
was the weight of this cap rock that initiated much of the disastrous 
bank sliding in the early days of the present canal, and great care 
is being taken to avoid any return engagements on future consttuc- 
tion. Evidence of the seriousness of this situation is contained in the 
figure^ of the amount of slide material removed from the present ca¬ 
nal : 2J3 million yards before water was turned in in 1913, and about 
M million yards in the following 10 years- 

Every opportunity is, therefore, being used to gain new knowledge 
through tests and study of past cxperionce^ Many data were col¬ 
lected during the third locks d^ign and oonatruction, and continued 
maintenance of the canal banks for over 30 years has produced many 
mona 
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Xot beiDg blessed with thcEe data Qor with our present knowledge 
of soil mechanics and engineering geology, the designers of the present 
canal, whose decisions on so many ritai matters hare stood the test 
of time, used bank slopes of 3 horizontal to 2 vertical for all materials. 
For any new canal, slopes will be varied, and there seema to ha com¬ 
plete confidence among the investigators that both safe slopes and 




htiCHb 



Fmuxe 1.—Oeflloglcfll wctluiiH ncmtaa ihe laHunim of PviDftiDa at tbe Canal Skuw 
indimtlns the types oC foftafltlonB to be to eanrelt canal to 

oiya loTeL 


beormgs pressures be , ond that corr^t coDstruetjon pi*o<;ediireB 
c4n be outliiiod^ certauily for ony canal in the vicinity of the preaeiit 
one. 

For one thing they hare detetmined that the Cucaracha clay, the 
fsmoiLs slide material, will ^nd on relatively steep slopes (1 vertical 
to 3 horizontal) when it occurs alone, which is about the same as for 
the similar but harder Culebra formation, but that if overlaid by such 
hard and heavy rock as agglomerate or basalt the Cucaraclia slopes 
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mti£t be quite lr5 or more. For safety eud eventual economji 
much of the overlying hard rock would have to be removed. 

The thhd locks cuts Indicate that Gatun Baudstone will st«nd on a 
6 vertical to 1 hori^ntal slope, and that IS j 1 is safe for agglomerate 
and basalt: for the latter, bemi widths and spacing criteria have also 
been established. Eztensive loading tests bave demonstrated that 
Cucaracha will safely carry 0 tons per square foot, wliile the harder 
Culebra, upon which the Pedro Miguel locks are founded, will carry 1& 
tons. It is facts such as these that give the investigators confidence 
in designs and construction methods being assumed for the purpose 
of their estimates. 

As to devising actual construction methods, the present studies 
are going only bo far as is necessary to prepare the cost estimates for 
construction periods of either 10 or 15 years* It is, nevertheless, un¬ 
derstood that one of the most promising possibilities for moving the 
huge quantities of diy^ excavation involved has been shown by the stud- 
ies to be a combination of batteries of 30-yard dio%^els and barge dis- 
posah Some recasting of material by draglines would be necesary 
to reach the bargesj or thia could be largely eliminated by digging 
auxiliary channels into the bunks through which the barges could be 
towed to within reach of the shovels* With a half billion yards of 
dry excavation to be handled large and expensive plant lay-outs are 
obviously justified. 

TWO CANALS IN TLiACE OF ONE 

Earlier in this article mention was made of tlie possibility of a rec¬ 
ommendation that would provide for building a new sea-level canal 
while at the same time the present lock canal would be kept in service. 
San Blas^ Caledonia Bay, and Atrato-Truando were among the possible 
locations, but there are also routes near the present canal, and particu¬ 
larly one known as the Panama Parallel Rfiute, that have also been 
seriously stadied. 

This Panama Parallel Route, whose alignment corresponds closely 
to that of the present caned except that it eliminates the big bends in 
the latter, is an original conception of the present investigators grow¬ 
ing out of their studies of several routes having a Pacific terminus in 
Chorrera Bay a short distance outside the west boundary of the Canal 
Zone. One of these routes crosses tlie isthmus to the small town of 
laogerto and is entirely outside the Zone. It has the advantage of 
offering dry excavation for tlie major part of its length* but the yard¬ 
age would be formidable and the conEtruction of new ports and har¬ 
bors at both ends would entail tremendous expense, with Liigarto being 
pract ically in the open sea. 
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To eliminata tha problema at Lagarto, two other ChoTiora routes 
with Atlantic temuDals tiear those of the present canal in Limon Haj 
wore studied, followed by the next logical idea of sliifting the Pacific 
terminus from Chorrera to the vicinity of Balboa on the present canal. 
Thus the Panama Parallel Route came into being, 

A common element of all these routes was a crossing of Gatiin Lake 
that would be blocked off by barrier dams, which would also provide 
flood protection from the various lake-feeding streams. By digging 
the other sections of the canal first, the resulting spoil could be used to 
build the dams, after which the Gatim Lake sections could be esca- 
rated in the dry behind their protection. 

This idea has great appeal, its principal drawback being, of course, 
the tremendous dam-building job involved, since the total barrier dam 
length would eicced H miles. A conventional cro® section of say 
loth foot top width would not be too serious, but if this were increased 
10,30, or 30 times to provide security against modem weapons, grave 
doubts arise as to the advisability of the scheme. Nevertheless, once 
built, it would undoubtedly represent a reasonable flolurion of the 
problem that Congress set up. In the final analysis, also, it will have 
to compete with one of the Panama conversion plans on the basis of 

TUB SltUATION StJMMA^tZEP 

What then are the possibilities of solving this puzzle in Panamal 
What conriderations must be resolved to come up with a recommenda¬ 
tion for a canal that will best meet the requirements of security and 
ample capacity set up by Congress? Among the obvious ones are 
sound engineering, practicable construction, and minimum possible 
cost To which mu^ be added resistance to or possible protection 
from the destructive effects of present and future weapons of war. 
Adding up these oonsxderations as they apply to each of proposals 
and tlxen comparing the results is the present task of the investigators. 
It is futile, and it would be improper, to anticipate or speculate upon 
their conclusion, but a few applicable facts will servo to summarize the 
aitiiatioix jis it now e5cist5, 

Tliere a™ four routes removed from tb& present canal and three in 
the vicinity of it whose merits must he weighed* Of the former, three 
arc sea-level routes whose yardages, estimated on ^ bank slope 
iiasumption are as follows t Atrato-Tniatido, million 5 San Blas^ 
1,520 million; and Caledonia, 1,260 million. \\Tiat th®e yardage 
would prove to be were sufBcient knowledge available to use geological 
slopes in estimating them is problematical, but they would increase 
rather than diminish judging from the Panama Conversion Eoute; 
using 1:1 slopes, this plan required 6SB million yards, which increased 
to 3X7 million when geological slopes were appli(Ki, 
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Any one of these sea4eTel routes thus might require up to 2^000 
million yftrda of esicaf atSoiu It is also pertinent to note that they are 
in isolated locations -without terminal ports or harbors, and that the 
CQUBtruction problems to be met are uncertain and difficult to appraise. 
On the credit side any one of them Tvould provide a route supple- 
mentaiy to the present canal ^ not only far removed from it, but devoid 
of locks, so that requirements of both security and capacity could be 
Eutished^ It would seem that cost and construction difficulties ralativfl 
to the other routes — and perhaps political considerations—would he 
the determinants in deciding whether one of these three crossings woidd 
be recommended. 

The Nicaragua lock canal has many advantageous aspects. Topo¬ 
graphical and geological conditions of the route are wsU defined. 
Excavation would he less than for a sea-level Ciinal. On the basis of 
the l&Sl cost estimates, the present cost might be fiaced in the neighbor¬ 
hood of billion dollars. Political considerations are favorable 
since the Nicaraguan Government has offered complete cooperation. 
From the standpoint of dispersion, canals in Nicaragua and Panama 
would satisfy security to the degree that a lock canal can be considered 
secure* or, stated in another way, to the degree that they increase the 
difficulty of an enemy to deprive ua of a trans-isthmian crossing. This 
latter consideration is the one to be resolved in deciding for or against 
recommending the Nicaraguan route. 

Tlie Chorerra routm in Panama offer the possibility of s sea-level 
canal with a minimum of wet excavation. Topographical and geo¬ 
logical conditions are reasonably weD known, which may or may not 
be an advantage since they presage expeusive harbor and port facilities 
and totai excavation of over VA billion cubic yards. A distinct dis¬ 
advantage is that their construction would require an enlargement of 
the Canal Zone and removal of one or both terminals from the vicinity 
of existing Panamanian cities. 

The Panama Parallel Rotate -would permit a sea-level canal to be built 
in the Zone without disturbing the present lock canal. By its construc¬ 
tion we- would have two canals, although their proximity one to the 
other would raise the question of complete wartime safety. Constme- 
tion could be done in the dry, but the building of the barrier dams 
required to hold back (iatun Lake would be a task of great magnitude, 
while their breaching in case of attack might put both canals ont of 
service. Relative cost and security from attack are the factors to be 
considered in choosing this interesting scheme. 

Converting the present canal to $ea levet will entail less tota! e;Xca- 
vation than on any other sea-level mute and probably no more than 
for a lock canal in Nicaragua. Terminal facilities are established and 
thus do not enter into the future costa. Ou the other hand, tlta neces- 
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fiity for dwins and diversion channels to control floods in intersected 
streams and for temporoiy locks to maintain traffic through the canal 
during the construction period Tvill add greatly to the eapense- 1 f deep 
dredging is feasihln, construction difficulties and costs will lie greatly 
lesened, hut even if the alternative of building temporary conversion 
locks, os required for stage lowering of Gatim Ijalrc, is nece^ary, no 
msnrmountablo troubles are involved- As a matter of fact, the deep-* 
dredging and stage-lowering plans are not mutually eicluaive initially. 
It would be possible to start with either one and then shift to the other 
after the first 2 or H years of prelimiliary work, without appreciable 
loss of time or money, 

Finally a sea-level canal undoubtedly offers the greatest assuranco 
of security and minimum interruption in wartime, since damage from 
bomb hits could be repaired by dredges in a matter of days as con¬ 
trasted with the many months that a lock canal would be out of service 
if its water supply should be lost, TTie sea-level canal also promises 
no real navigation haiards because of tidal currents. Cost is I he 
principal question upon which a recommendation favoring conversion 
of the present canal to sea level is believed to rest . 

Insofar as improving the present lock canal is concerned the Pacific 
Terminal Lake Plan is the one to be weighed and compared. Building 
the new, enlarged two-lift locks required, and disperaing them as much 
as necessary for safety, makes this by no means a low-c(^ solution. 
Here, too, relative cost and security will control the decision. 

In siimmaty, the choice of the investigators must rest between sup¬ 
plementing the present canal with another removed a safe distance 
from it or converting the present canal to sea level. After tliat the 
choice shifts to Congress and the American people. If they want a 
safe canal badly enough to invest what it costs—1 billion, 2 billion, 
perhaps 3 billion dollars—they can have it. If Becurity comes too 
high, and they will settle for increased capEicity, any one of the BChemea 
mentioned earlier in this article {or improving the present canal, in¬ 
cluding completion of the Third Locks Project, will suffice. Upon 
such a decision rests finally the solution to the puazlo in Punama— 
and incidentally the silencing or the resurrection of the ghost of a 
sea-level canal. 

CONSt!X.TAN*TS ON TJ3E WORK 

In addition to the staff of the investigation, numerous consultonta 
have been engaged on the work, as meotioned earlier in this article. 
Most important of these, of course, are the members of the consulting 
board, which consists of Rear Adm. John J. Manning (C. FI, C- CSN) 
Chief of the Bureau of Yards and Docks ; Brig. Gen. Hans Kramer 
(C. E. Retired); Prof. Boris A. Bakhmetell, Coltirahia University; 
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Joe] D. Justin, consulting engineer, F^aJelphia; W. H. McAlpine, 
office of the Chief of En^neers, Washington: and H. Hill, North' 
era States Power Co., Minneapolis. 

Harvey Slocum, well-known construction specialist, has advised 
upon construction plans and estimatea, while such experts from the 
office of Chief of Engineers have been called in as Gail A. Hathaway 
on flood control, Carl Giroux and B. W. Steele on dams and hydro 
power, and Leon Zach on oonstruction camps and permanent town 
planning. Soil mechanics and foondation guidance is being supplied 
by Profs. H. M. Westergaard, Arthur Casagrande, and L. Don Leet 
of Harvard Univeraity, and E. M, Fucik of Chicago. Prof, Roland 
Kramer of the University of Pennsylvania has made extensive studies 
and advised upon canal traffic growth. 
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Coincident with the development of successful turbojet power plants 
for aircraft, a broad new field of propulsion has come to light. Power- 
plant research and development has progressed so rapidly that a wide 
choice of power plants is now available to the aircraft manufacturer^ 
who as yet has had little opportunity to demonstrate tlie practical 
applications. The purpose of this paper is to evaluate the axrplane- 
performanco potentiaUties of four types of widely difiering power 
plants and to indicate their trends and particular fields of appUcabon. 

Conventional power plants of the reciprocating, intemai-cpnibufition 
type, both direct and indirect air-cooled, have been estcnded to com¬ 
pounding with a gag-turbine wheel operated by tho normal esbanst 
gases and delivering the power thus generated bach into the crank¬ 
shaft- The independent gas turbine is also available for use in con¬ 
junction with the propeller, in which case approximately SO ^cont 
of tho energy in 1 J 10 gases is absorbed by tlio turbine to drive the 
propeller and the remainder is utilized in the form of reaction propul¬ 
sion. Air-strenm engines include tho turbojet, reso-jet (or intermit¬ 
tent duct), and the ram-jet (or athodyd), all of which arc reason 
motors depending upon atmospheric aLr supply- A third classinca- 
tion of available power plants cotiaiste of dry- or liquid-fuel types of 
rocket motors, which are distinguished princii>ally by the fact t^t 
atmospheric or jgen is not used for combustion in tho case of pther 
power plants. 


* f>r«ent«d tafofti k eltatH mrtUtiS «f th» ImUeito at tin AerotitnHe^ aci«^ 
woaiL Cklif Ams ifl- 1D43, BeprlnlHl bj p^milAiiaii (rom tbfi JpuimJ of tb4 AeltiaUBtlCli 
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For this paper four power plants ha^iiig distinctly different per- 
foitiiance characteristics have been chosen: (1) a V-type, reciprocating, 
iiqnid-cooicd engine employing water injection for emergency power; 
(2) a turbojet engine having abont 23 percent less sea-level static 
thm^than the former; (3) a hypothetic^ subsonic ram-jet; and (4) 
a bipropellant liquid-fuel rocket motor- For brevity, these power 
plants will be referred to as a propeller, turbojet, ram-jet, and rocket, 
respectively. 

Because these power plants differ so radically in performance char¬ 
acteristics, it is diiGcult to determine a sound basis for comparison. 
It has therefore been decided to design a aingle-engined, angle-place 
fighter or pursuit type airplane employing each type of power plant 
and limiting the size to some reasonable weight, say less than 14,000 
pounds. It is felt that the results submitted, together with the analy* 
sis presented, offer sufficient justification for classifying these types of 
power plants in sj^ecialized categoric in which they escel. Thus, if a 
particular type of engine shows outstanding merit in a high-altitude 
and high-speed perform an ce for a fighter, similar Tensoniog may be 
Judiciously applied in considering other aircraft types. 

The text is divided into three parts. Part A compares the various 
ty])ee of engines indei>endcntly of airplane characteristics insofar aa 
po^iblc. Part B briefly describes a logical and practical airplane 
design configuration for each power plant. In part C, the results of 
the airplane performance characteristifs are presented from which 
comparisons and conclusions may be advanced. 

PABT A—POWUR-PLAOT CSHASAOTBRISTICS 

L ReeiprocaHnff engi^ and pr&p^TUr,~k typical high-perform¬ 
ance engine employing water injection is assumed., which delivei^ 2,000 
b. hp. for take-off, tbe power varying linearly with density to 1,T00 
b. lip. at an engine critical altitude of 20j000 feet Typical propulsive 
officienclcs have been used in converting power to available thrust in 
order to afford a direct, comparison with the other types of power plants 
in which thrust is the fundamentaLl consideration. Exhaust jet thrust 
has also been included* 

Tim gas turbine driving a propeller has not been considered because 
the differences when compared to the remainuig three power plants 
are not radically different from those of the reciprocating engine. 
Specific engine weight and si^e are improved, but fuel consumption 
will be inci'^sed in comparison to reciprocating engines. Also, the 
propeller itself im poses a definite limitation on maxi m urn apeed. Both 
the gas turbine and compound engine may be conridered to be alternate 
developments in relation to pro pelleT'd riven alrplanes. 

2. Turbojet The turbojet engine selected is typical of the 

single-stage centrifugal blower type employed in a number of aircraft. 
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Ferfommncp cbaracteristics represent those already attainable at the 
present state o^ developmejit. 

3. Ram^jet the four power plants cor^idered, the r^- 

jot represents the only hypothetical design under cotialderation, it being 
the only type of propulsion not actually known to as a flight 
article. As a basis for the theoretical engi iie perfonnanoe, the an alyas 
prosented in reference 1 is used herein. This type of power pltmt will 
not operate at zero air speed, and coiise<iuentlj cannot uke off. Aux^ 
iliary take-off tneans are assumed to launch the airplane and accelerate 
to a flight speed of 350 miles per hour, at ivhich time the ram-jet ^ 
sta rted. Since no logical engine outp at rating exists in this case, a unit 
of a size suitable for l0,00(>-pound fighter is assumed. 

Combustion temperatures of the order of 3,000* F, are assumed to be 
structurally possible since moving parte do not eiist to complicate the 
problem. Successful operation in this regime has been demonEt rated. 
Already turbme buckets are operating in a 1,500“ F. gas temperature. 
Kerosene fuel to the engine is provided by a turbine-driTen fuel pump. 

4. Rocket motor.—The rocket motor, being small and light, has bran 
chosen as a 0,aOO-pound thrust unit, whi<^ takes advantage of a high 
thrust output withot)t presenting impractical arrangement or installa¬ 
tion problems. An example of actual application is the well-known 
Gernuin Me 163. For practical reasons an existing type of rocket 
motor using a bipiopeUant fuel system has been chosen, leaving room 
for considerable improvemeut v\ith further research in the relatively 
near future. 

The problem of supplying the fuel and oxidizer to the motor at high 
pressure is solved by turbine-operated pumps using tlie same propel¬ 
lants for power. 

5. Maximum thrust av^lable (figs. 1-^)Immediately apparent 
is the fact that the conventionally powered airplane will have the low¬ 
est maximum speed at all altitudes and, also, that it is essentially a low- 
altitude power plant. Obviously, the ceiling of this airplane will be 
inferior. Furthermore, the maximum speed limitation is absolute 03 
indu-wted by the fact that above 600 miles per hour the propulsive effi¬ 
ciency limitation due to compressibility effects causes the thrust avail¬ 
able practically to vanish. The slope of the curve indicates good ncceb 
eration characteristics in level flight below maximum speed and also 
that climb characteristics will be relatively good. 

Considering the rocket airplane, maximum performance is obviously 
superior under all conditions. Inasmuch as atmospheric pressure 
variation is but a smaU percentage of the motor chamber pressure, the 
small variation in thrust with altitude has been neglected. Air speed 
has no effect upon thrust outpuL At low altitudes only docs the 
ruing et offer competition in avaiiablja thrust, hut this is offset by the 
fact that airplane drag at high air densities is also extremely high, 
^774a3—IS-B1 
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Tiu[ anmMt - ^^tn- 

FtOFKE 2.—¥«. filt speed at SO^OOa fi»t 


Outstanding is the rocket's complete superiority in pctioimance at 
high altitudes where airplane drag is greatly r^uced. Thus, high- 
altitude speeds will necessarily be outstanding as will also the high 
rate of climb at all altitudes. 

Selativelj constant thrust with speed variation is also apparent for 
the turbojet In th i s case output suffers considerably with altitude, 
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but masimum speed performanco compared to tbe propellcr-driven 

airplane affords a sharp contrast, _ 

From the standpoint of self-sufficiency, the ram-jet is Uie le^t 
desinible since an aimiliary means of propulsion is rcquir^ for tahe- 
off. Although thrust varies roughly as the velocity to the 2,0 to 3,5 
power it falls off with atmospheric density. In other words, thrust 
is n direct function of differentia! pre^urc, which, in turn, is dotcr- 
mined by the airplane drag characteristics. This results m a rrisUvely 
low airplane ceiling but an esceUent maximum speed at ^a level where 
the air forces become prohibitive for sonic air speeds. Lkjss of energy 
due to shock waves in the duct entrance has been token into account. 

6 SptiAfU mgif^ {fig. 4 ) .-Important in the airplane d^ign 

configuration is the power-plant installation weight. For comparison, 
the complete power-plant weight, eiciueive of fuel-supply sys^, 
unit of maximum available thrust, Is presented in figure 4, (Sm also 
sec. S.} When the reciprocating engine is used for high-altitude op¬ 
eration it becomes an extremely complicated and heavy power plant; 
in fact, beyond iOjOOO feet it becomes prohibitively so. Also, the 
improvement in specific engine weight wi A decreasing air speed and 
altitude again classifies propeller propulaion as best suited for rela¬ 
tively low air siieeds and nltitudra. Even when compared at low alti¬ 
tudes, tile reciprocating power-plant dry weight is some 20 times ns 


heavy as the rocket motor. , 

The turbojet offers a considerable impinvement m eti^uo weight 
which will probably continue to be improved- Again, with mcreafi- 
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ing altitude specific engine weight increases, but not to the prohibitire 
degree evidenced by tb e propeller type, A Iso, contrary to the propeller 
type, specific weight improves at the higher air speeds, which empha¬ 
sises the practicability of higher air speeds, 

Conadei'ing the ram-jet, its design depends to a large extent on 
both speed and altitude. Marked improvement obtains at higher atr 
speeds, and, when considering the reduction of thrust with altitude, 
it tends to become bulky and heavy for high-powered, high-altltnde 
application. Apparently, the ram-jet is a medium-low-altitude, high¬ 
speed type of power plant. 



ALititffli - ma f« T 

Fi^CTBE 4,—Power plant ntJo, 

Simplest of all is the rocketi whicii agaiii makes no compromise 
for air speed or altitude variation. In tonns of power-plant 

woight it is anexeelied. 

L Specif fuel CGTimmptwn {S. F. C*) at mammum coTitinwu^ 
thrust (fig» 5) *—Tlic propeller-type plant a largo saving in fuel, 
especially at the lo^er air speeds, as evidenced by its Epeoifio fuel eon- 
(OTnption at masimum cnntinuoua tiirust rating. At speeds exceeding 
500 miles per kour this fuel consumption would l^ecome greater than 
that of the turbojet Howeverj employing this thrust rating, speeds 
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mucb in of 400 miles per bout are not obtainabie. Curves for 

both the propeller and turbojet are based upon maximum oonftrtwoue 
available thrust, which, unlike the ram-jet and rocket, are lees than the 
maximum available as shown in hgnres 1, £, and 3i Specific oonsump 
tion at m eyinrttim continuous thrust for the turlmjet does not vary 
significantly with air speed and improves appreciably at the higher 



Fin CBS 5.—S. P. C. at nuiximnni cnnHnwni* thniflt. 


In the case of the ram-jet, an entirely different variation is fomd. 
Bcie, efficient operation is decidedly improved at eitremely high 
speeds, in the region of Mach Number^l-O, wliUe at lower air speeds 
the fuel consumption is prohibitively high, and, os seen figu^ 1, 

2 , find 3, tJio nmxiKLum thrust aviiilfitble at low ait speeds is fisceeduigiy 
s^aU. Again, the ram-jet dearly belongs U> the very high-speed 

’^ATusual. the rocket ie not influenced by speed or altitude, resulting 
in a constant, but high, specific fuel consumption, sinco the oxygen to 
Hiipport combustion must be included^ 
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Selecting S.F.C. vnlues, (lb fue!/lb. thrust times hours), masimum 
continuous thrust operation for each power plant results In the 
following comparison: 


5. F. C. gI mWiriuiTi £Aru5f 
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Air speeds corresponding to the four airplanes are included in the 
table as a matter of interest A considerable improvement in efficiency 
at the higher altitude is noted for the lost three power plants compared 
to the propeller and the price that must be paid for increasing air 
speeds above 5Q0 m. p. h. is painfully eYident. 

8, Vafiaiion of 5, F. 0. with reduced thrust (fig. 6).*—Comparison 
of specific fuel consumption at various level fiight speeds is not possible 
without considering airplane characteristics, because the thrust re¬ 
quired depends directly upon the airplane drag. Therefore, the curves 
drawn in figure 6 necessarily coincide with the particular airplanes to 
be considered later but the general trends and comparisons are valid 
in other applications. 

Obviously, the best range performer is the propeller, which, at low 
thrusts, may be operated on a lean mixture. Here the variables, engine 
revolutions per minute, manifold pressure, degree of supercharging, 
fuel mixture setting, and engine operating temperatures must all 1^ 
carefully controlled in order to obtain maximum economy. Neverthe¬ 
less, a reduction in S. F. C. of the order of 50 percent from that at 
rnaxinium continuous power represents a decided saving. Based on 
both figures 5 and fi, the propeller has no serious competitor for maxi¬ 
mum range or endurance at moderately low air speeds. 

Unlike the propeller, the turbojet evidences a loss in economy when 
operating at lower than maximum output, representing about a 10 
percent increase in S. F. C. for cruising conditions. Cruising S. F, C. 
is better at high altitudes than at low levels in all cases with the 
exception of the rocket. 

An appreciable improvement in economy of the ram-jet at cruising 
speeds is ^own tending to offset its disadvantage when compiired to 
lb turbojet at high speed. Maximum thnist and the corresponding 
S, F. C. are necessarily established as those produced at the maximum 
speed of the airplane. 

The rocket, as always, appears as the only power plant whose char¬ 
acteristics are independent of its application. In this respect, how- 
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ever, the indmdiial rocket motor anils are operated at their maximum 
efficiency conditions dictated by design. In other words, a selected 
number and size of individual rocket motora are chosen so that thrust 
available exists in steps according to the motors selected during 



FiemtE 6,-5, F. €* raiiatlon wlUa tLnist. 


Having analysed the airplane range characteristics, the following 
table comparing the S. F. C.’s for conditions of maximum range is 
obtained i 
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The influence of part thrust S, F. C. Tariation from figure 6 is dearly 
seen. For instance;, the opposite cruising trends shown for the turbojet 
and the propeller increase their relative speciflc fuel consumptions 
from 2 or 3 to 1 at muTim iiTn continuous thrust bo 5 to 8 to 1 at optimum 
cruising thrusts 

Here again, the fact that on enormous sacrifice in economy accom¬ 
panies premium performance, that is high cr u i sing speeds, is empha¬ 
sized. Ridiculous comparative S. F. C.^ and cruising speeds for the 
rocket seem to eliminate this power plant from any consideration 
involving economical operation. 



9. Po^er filant pZw fvd 'tmiifht (fig. 7).—Figure T is a plot of 
power-plant weight plus fuel weight, excluding fuel tanks, taken at 
maximum oontinuoaa rating versus duration. Weights of power plant 
are assumed as follows; 
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For tiie rocket motor the power plant plus fuel weight is startling, 
lyting 10,000 pounds for leas than 4 minutes duration, with no weight 
allowance for fuel tankage. However, when, the vastly superior thrust 
rating is considered the picture improves somewhat. 
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Xitv$stigstion3 liaTfl t'sveiilfld tlcsrly ths^ fact tb&t for wij given 
airplane and gross iveigbt, the minimiim pounds of fuel expended per 
1,000 feet of altitude gained in climbing always occurs at the maxi¬ 
mum available thrust. This phenomenon is valid irreapectiye of com¬ 
pressibility drag increaseSi Consotjuently, an extreme Ij high thru^ 
rochet compared to the other power plants hoe been chosen becau^ it 
ifi practical to do so in this case where the power-plant specific weight 
is small. The tremendous amount of energy available in, an extramely 
short period of time provides dazzling performance for a decidedly 
limited duration. Even under maximum range operating conditions 
at vastly reduced thrust tho high S. F. C. still obtaining irrevocably 
limits range and endurance. The only possible recourse woidd be 
some means of launching or commencing rocket flight at high altitudes 
where exceptionally high air speeds will offset the high rate of fuel 
consumption. Tims, rocket-powered flight in the present instance is 
considerably limited in range. 

Next comes the ram^jet, in which case the fuel conflumption depeads 
directly upon speed and altitude. Assuming a maximum speed of TOO 
miles per hour at sea level and SSO miles per hour at 30,000 feet, it is 
apparctil that at low altitudes a substantial, tliougb not large improve¬ 
ment over the rocket obtains. At oltitudo, the fuel consumption is 
not a great deal more than the propeller or turbojet-propelled air¬ 
plane. In this ease 10,000 pounds of power plant plus fuel results in 
a practical average duration of 30 minutea. Generally, it may be con¬ 
cluded from tho figure tliat the ram-jet is suitable for redatively high 
maximum speeds at medium to low altitudes for relatively short 
duration. 

By virtue of a lower power-plant weight the turbojet excels over the 
profiler up to 15 minutes at sea level and 30 minutes at 30,000 feet, 
afto-which the propeller takes over. Cousidenng the decided advan¬ 
tage of speed for the former, it may be generalised that for excellent 
high-speed performance at all altitudes up to 40,000 feet, tho turbujat 
endurance at maximum continuous thrust is s good half-hour. To 
compare with the rocket and ram jet a l0,0M-pound power plant 
would show an average duration of some 135 minutes, or 2^4 hours. 

The propeller and internal-combustion engine is by far the brat 
power plant for long endurance at maximum continuous power but 
at a considerable flacrificc in speed. Extrapolating an average curve 
to a 10,000-pound power plant results in an endurance of about 12 
hours. Vote that the ram-jot and turbojet show an increased econ¬ 
omy at altitude as does the propeller, but the latter is the only one to 

show an unprovement in high speed at altitude. 

10. P<ywer pltis fud volxtrn^ (fig. 8)-—In addition to ^wer- 
plant weight its size is also a critical factor in the dedgn of the aircraft 


440 ANJftJAL REPORT SMITHSOjriAN rtraTlTU ilON, 1&47 

Figure 8 allows the volume of power plant plua fuel oorresponding to 
the weights shown in figure 7. Power-plant volumes are the volumes 
occupied by the units if wrapped with cloth. In other words, power 
plants having an odd ^ape will result in still more space unusable 
for other airplane components. Power-plant volumes in cubic feet are 
estimated as follows, representing the minimum space not available 
for other airplane components; 
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In comparing the engine volumes, tlic power plants in order of 
preference are tlie rocket, propeller, turbojet, and ram-jet. Fortu¬ 
nately, although the last-named bos a considerable volume, its weight 
and fnstallation considerations are such that it is practical to convert 
the aft fuselage, which always ts relatively vacant hecatise of balance 
considerations, into the power plant proper. Tending to ofiset this 
effect is the fact that the targe mass oirSows consumed dictate largo 
duct inlet scoops. The simplicity of mechanisins aUeviates installa¬ 
tion problems considerably. 
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Nest in bulky space requirements is the turbojet, nearly onc-qualter 
of the volume of which is compressor entrance air supply ducting in 
an average installation. This feature requires a reJadvely large nacelle 
or, because of the weight and diameter, dictates the fuselage siaa and 
arrangement in a single-engined airplane. 

Although the internal-eombustion engine is small, the space i-equi^ 
ments are nearly doubled by carburetor, oil cooler, and Prestone radia¬ 
tor air scoops and ducting. Fortunately, the main component parts, 
the engine, oil coolers, and Prestone coolers, may be disposed about 
the airplane structure to best advantage. 

The rocket motor is by far the smallest and simplest from tlie design 
standpoint. Air-intake ducts are always a problem, end at high flight 
speeds considerabic research is necessary before satisfactory solutions 
will become available, la the case of the rocket, no air is taken aboard 
for the power plant, thus eliminating this probl^. Note that the 
total rocket motor volume equals only the air ducting required for the 
reciprocating engine and that the power plant consists of two simple 
components that may be located at the designer s discretioTL 

In the frontal area comparison both air-stream ei^inea will dictate 
the fuselage maximum cross section; the conventional engine and 
cooling system will definitely have an influence upon this design 
feature, hut the rocket eliminates this problem. 

Eeferring to figure 8, the additional volume required by the fuel m 
indicated by the slope of the curves. Here again, the rocket is criti¬ 
cally limited in duration. Following in increasing order of prefer¬ 
ence are the ram-jet, turbojet, and propeller. Fuels are gasoline at 
6 pounds per gallon for the propeller, kerosene at 6.7 poun^ per gal¬ 
lon for both air-stream engines, and equivalent densities of tlie 
combined fuel and oxidizer for the rocket of from 8.4 to 11,0 pounds 
per gallon depending upon the fuels chosen. 

11. Enffinefarreq^remeiM^ (fig. fl),—In designing air-intake ducts 
the relative problems are indicated by the engine air requirements 
shown in the figure for maximum thrust conditions, which would 
represent take-off, climb, ajid high-speed operation. 

Since the ram-jet curves approximate a straight line through the 
origin, the scoop entrance velocity will be a relatively constant per¬ 
centage of airplane speed. Volume of airflow is extremely large, 
indicating difficult problems to be solved. 

The turbojet evidences only a slight increase in air consumption 
with air spe^, indicating that the optimum entrance duct efficitmcy 
for a fixed entry will depend upon the conditions selected in the design. 
Again, large airflows must be handled. In tlie case of both air-stream 
engines the ram dmg due to taking this air aboard has been subtracted 
from gross jet thrust to arrive at the maximum tlirust available as 
shown in figures 1,0, and 8, 
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Codiag sir requirements for the propeller type represent eboat 80 
percent of the total shown. Cotisfcant air Tolume rsquinements dictate 
scoop design for particular conditiona, generally for maiimim speed. 

In the case of the rocket no air is required- 

PART B—AIBPLANB DESIGNS 

Since the characteristics of the four power plants are extremely 
diversified, it is diflScult to determine which type is moat suitable for 
a given application until each is translated into an airplane-design 
study and the respective perfornian ces arc evaluated. As the ma jority 
of the power plants potentially represent premium performance air¬ 
craft at a sacrifice in pay load, it is raasonablfi to nse a fighter or 
interoeptor-tj'pe airplane as a basis for comparison. This represents 
the type of military application where performance is decidedly at a 
premium and economy and pracliniability are sacrificed as a matter of 
self-presei^>ition- Aibitrarily, for expediency in the comparison, 
these aircraft will be considered as single-place, single-engined air- 
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craft Laving cottventional wing and tail arrangemente, conventional 
pilot accoaunodations, and internal fuel only. * 11 . 

Figures 10-13 show the general arrangements and physical char- 
acteristics of the airplanes end table 1 lists the ’weight break-downs. 
Less armatnent is earned by the two airplanes whoso range and 
don of combat are obviously restricted. Unit wing weight depends 
fo-eatly upon thickness, and structure in general is affected by the 
operational speed ranges, which affect the design air loads. Landing- 
gear weight is primarily influenced by the gross weight at landing 
condition, 

Tablk 



Pr^pdler 


IlKm-leE ^ 



1,3311 

m 

MQ 

m 

hm 

Ih1£0 

40 

m 

0 

hm 

140 

*50 

Lfi50 

2a& 

LlW 

m \ 

W$aa 

30 

m 

0 

1,1 IQQ 

m 

LIM 

3M 

WO 

400 

io 

1,000 

140 

Toa 

7fXf 

W 

LltQ 

*00 

m 

«Q 

400 

S> 

30 

JU» 

aio 

TDQ 

200 

3D0 

_ m.m.^ ■ ■ - ■ *.m-rwr~ —■ ---■■i-i- 

i^mirng ENT - -- - - — — “ - -. 

Fawa^ plinti 

—— - — - ————.. 

A wwiftaiu. .— - ■ “ ■" ——- 

OoaDXiU. - -- - -.- - “ .. 

FUeS ayrtflin.., — • ■ — ■ ■ ■■ 

TitrbLM ukd pamp?, —- - - — - --— 

Ftsnd 

Aftatm<nt.. - --- 

C^ntntl. — ..— .. 

all qfci igr, 1 . ■.■ ■ B ■ ■ ■■tt 

Wfikbt tmpty, poop^- - -. - r — -. - 

Pilirt.. „ --- “ 

qII UTld ftftftIMlI, _ ■*■■■■ m~m m ■ ' ■ ■‘■'tt 


^iSS 

sw 

3^400 

fciOO 

100 

line 

eiloo 

*DQ 

IL^ 

GroM pcflanda.-,,,^,r.— 

BLJlOa 

13, on 


ii,no 


A practical limit to the internal fuel capacity appears to be ab™t 
200 otUods of high-octane gasoline in self-sealing fuel tanks for this 
size of propeller-driven tighter. Laminar flow wuigs of 15 per^t 
thickness are employed- A nominal wing loading of the order of 3.> 
to 40 pounds per square foot represents a present-day oompTomiae 
between performanoe on the one hand, and maneuverabiUty and s^- 
iceabiiity with respect to tactical airfield considerations on the other. 

Armament load is 1,100 pounds, , 

Because of tlie disadvantageous fuel-consumption characteristics 
of the turbojet and also the considerably increased high-speed ne^me 
of operation, this type of airplane k forced to higher wing loadt^ 
in this case of 50 pounds per square foot, resulting in a ^ater differ¬ 
ence between take^aff and landing wing loadings Wing thiclmess 
of 13 percent compromises internal fuel capacity with low drag char¬ 
acteristics, In this case, also, leak-proof fuel tanks for kerosene are 

a necessitv. Fuel here represents about 3 1 percent of the take-off gross 

weight compared to Ifl percent in tlie case of the propeller, resulting 
in landing wing loadings of 35 and 33 pounds per square toot, 
respectively. The same 1,100-pound provision is allowed for 
armament. 
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Fiol-se lO.-'Proijp^Uer airplane. Gross vciglit, 0,000: vlng area, 3SOi tOlE&otr 
W/S, 38: lantlUig W/S, S3; wing oectloii, 60-21S j asiiwt tnUn. 0: wtng ludOeiiw, 
IJ!*; fnnl load— gal., 200; fort load— Iba., 1500; wing spun, 30'2"i foseloee 
IrttgUl, 82'8‘'; tertlcol height, 10’r\ 





FiovoE n,—Thrhojet nlrptniic. Gross weight, IZOOO; wing area, 240; tohn-alT 
W/8, BO; luulitig W/8, 35; wing sectToiv 05-113 ; aspect ratio, 7 ; wJag inddence, 
IJi"; fort load—gaL, 500; fori load—lbs., 3,300; wing span, 40']!”; fuBelnge 
Itiigth, 32'n"; TertlcBl height, la'O". 
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Fictiite 12,—R«m'Jet «irp]aDe, GAisa ircielit, 10^000; wlcg 130: lAimdilne 
W/S, n i mbdUiE W/e, 42; tribg BecUoa, fl3~ll0; Aspect ntlov Q: wing lncli]«nee> 
1,0*: foci load—gsL. G6:t: fuel load—Itia., 4,400; wlhg span, 2S'; fuiselitge 
lebStb. 28': i;ertiCQl lieJRtat, 12'4'\ 



Fiot'tt 13.—Rocket airplane. Gross weiSbt, 18,000; wing sna. 130; tako-olK W/E, 
1Q4; landing W/E, 40; wing sectloii, 69-110; aspect laGo, 6; wing Inddenoe, 
2.0*; Joel load—gal., 0S5; ftiol toad-^be., 8,200; wing span. 28'; rtuelage length, 
a2'8"; vertlcnl helglit. 10'10". 


In the design of the ram-jet airplane, the combustion chamber cross- 
sectional Bi'ea dictates the fuselage size. Because of high fuel con¬ 
sumption 44 percent of the launching gross weight rqircsents fuel 
carried in both the fuselage and wing. Kerosene is assumed as fuel 
carried In self-sealing tanksL Since the Bight duration and range are 
limited, thiff airplane is adaptable only to defeimire strategy, and, if 
self-sealing t anlm are eliminated, a consequent improrement will be 
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afforded by the addition of some 10 percent in fuel. Seine compromise 
wing loadings must be chosen. In this case 77 ponnds per si^tiare foot 
for take-off represent® a relatively low wing loading for this typo 
of airplane but is assumed to allow for auxiliary means of take-off 
and flight up to 350 miles per hour, at which point the ram-jet power 
plant is started for the flist time, take-off obvioualj not being possible 
with the ram-jet alone. The resultant landing wing loading of 43 
pounds per square foot is quite reasonable. 

High perfonoBjace dictates reduction in wing thickness to 10 per- 
ceut. 

As is obvious from the phenomenal fuel consumption, the rocfeet- 
motor-powered airplane must cany an abnormal amonnt of fuel, in 
this case 8,200 pounds, or 61 percent of the take-off gross weight. 
Wing loading is dictated primarily by the landing condition and has 
been held at 40 pounds per square foot, resulting in 104 pounds per 
square foot for take-off, which seems entirely feasible. Since super¬ 
performance is obvious, aerodynamic considerations dictate the entire 
arrangement A practicable wing thickness of 10 percent for the wing 
and 8 percent for the tail are chosen. As in the cose of the ram-jet, 
TOO pounds of armament are installed. Tanks are not self-sealing 
owing to the nature of the fueb, the extremely short duration, and 
the exceptional performance. All fuel is carried in the fuselage. 

PAST C—PBlirOHMANCB OOHEPABISOKS 

1. of airplane draff *—Drag estimates for all four air¬ 

planes are based upon on Identical analysis wherein the wetted areas 
of the component parts are assigned drag codScients depending upon 
flnenesa ratios, Beynolds ??mnbers, and Mach Numbers, In this man¬ 
ner, the drag coefficients of the component parts are obtained and 
adjusted for lift coefficient or angle of attack. The cleanliness factors, 
C^"the parasite drag coefficient based upon total wetted area at Ct,’=0 
and l?iV=SX10^, and the parasite drag coefficients, based upon wing 
area, are given in the foUowing table t 


CttianJOiei* fetnor and dns cot/lietenti 



Wilwd W* 

Ct 

B 



mt 

aonst 

.nas 

.tm 

2m 

136 

1% 

.m 

—, —, . . __ 



m 

, ,,,, ,,, . 

m mm-m-m mmm-wmmm-w^^M ..... f r. . j ; _ ! 

1 



Both the turbojet and the rocket exhibit extremely good aerodynamic 
cleanimeas, being about an 11-percent improvement o?er the propeller 
airplane. Drag coefficients based on wing area are shown in which 
high wing loadings, because of the relatively large fuselages, result 
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in high parasite drag coefficients. The aiiplane drag coefficient for the 
propdier should be iucreased to 0.015 to allow for cooling drag at high 
speeds. 

Of the utmost importance is the effect of compressibilily on drug 
above the critical sp^, which depends upon bod; shape and altitude. 
Ballistic data have been useless to the oirplnne designer because of 
the complete neglect of nerodynomic characteristics as such, the blunt 
projectile trailing edge shapes, and gcnerall; the extremely high Mach 
Number regimes of projectile dight. 
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FiscKK 14.—CeatptcBalbEllir drag nultliiUoadim faetor. 


Befcrence 2 provides the basis for the compressibility drag multt- 
plication factor used for wings. This factor is multiplied diroctljr 
times the airplane drag calculated on tha above basis neglecting shock 
wave effects. Thne factors, assumed to vary directly as wing tliick- 
ness as diown in figure 14, are 15.6, 12.0, and 0.6 for 13, 10, and 8 
percent thick laminar flow airfoils at 1.0. In the case of a fuselago, 
representing a more compact three-dimensional body, a corresponding 
value of 6.0 has been assumed. 
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t^tauiiE ID,—Alrulniie ilrtE at lea IcteI. Flnum: 10.—Alrtilane dfaff at 201,000 ftet. 
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Pinalljj tha totil airplane drag m true air speed is depicted in 
15,16, and 17. These ourres, together with those in part A of this 
paper, provide the necessary data for the performance evalnatiooB 
given below. 

The drag curvea shown are for the highest airplane weighta obtain¬ 
ing after climhing to the respective altitudes. Gross weight variation 
has been taken into account wherein performance is affected* 



2. Ma^mum and clmAinff sp^ed^ (fig^ IS).—Maximum 

speed of the propeller airplane ia 480 miles per houf at 25,000 feet^ 
indicating that the practical high speed limit for this typa of pro* 
pulsion wiH not greatly exceed 500 miles per hour. At aU altitudes 
up to 40,000 feet a speed greater thsm 400 miles per hour is at tainable, 
although 400 miles per hour at sea level seomg slow for ground-Etrofing 
work. Best riimbijig air speed ia relatively low, being 50 to 65 per* 
cent of rna^dmum level flight speed hetweon ^ level and critical 
altitude, respectively* 
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Next m high speed comes the turbojet, which excels the propeller 
at all altitudes, being 37 percent faster at sea lerel and 8 percent at 
S$,000 feet, tlie top speed of &50 miles per hour representing a de¬ 
cided advantage. Maximum speed for this airplane occurs at sea level 
ooly because of the influeuce of Mach Number on drag. Otherwise, 
a considerable increase in speed with altitude up to 20,000 to 30,000 
feet would be found. Although at altitudes between 25,000 and 40,000 
feet the speeds are not greatly in excess of those for the propeller, this 
margin will improve with further development of turbojet enginiea 

A Mach Number = 1,0 line is shown in the figure, representing the 
magic barrier to speed performance, being the condition of maximum 
airplane dragcoefiicient. In order to achieve sotuc velocity, the thrust 



Fiox:’!! 18.—llftiimiiTu and beat 

required at sea level would be 1,000 percent of that for the speed 
actually attained or 650 percent in the case of a 30,000-foot altitude, 
Sonic velocities with this type of airplane, dierefore, appear impos¬ 
sible at tlie present time. 

Regarding speed for best climb, which occurs at 65 percent of 
maximum speed at sea level and 75 percent at 20,000 feet, a consider¬ 
able tactical adrantage over the propeller airplane is realised. A 
greater ^stance covered during climb, since rates of climb for both 
are comparable, also offers a considerable advantage in being able to 
protect a given target from a base relatively far distant An appre¬ 
ciable performance margin also obtains above 40,000 feet because of 
the higher ceiling of the turbojet airplane. 
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Turning to the ram-jct airplane, it is astonishing to note tLot its 
speed for best climb cotisidcniblj eicecds the turbojet^s maximum 
speeds at all altitudes up to 33,000 feet, but that its ceiling is quite lo^. 
Maximum speed, 650 miles per hour, occurs nt sea level, and the Mach 
Number limitation on si>eed is obvious in the figure. Climbing speeds 
arc about 00 percent of the maximum speeds. 

Aithough the ram-jet engine is hypothetical, and is undoubtedly 
optimistic, it is interesting to note tlutt ilTO percent of the actual 
thrust at 650 uiiles per hour at sea level is required to reach a Mach 
Number of 1.0, Because of the fact that thrust increases greatly 
with speed, this represents an engine of 100 percent greater power. 
Because of the impracticability of such high air speeds at high air 
densities, sonic speeds may be regarded with considerable pessimism 
in tliis cose also. Kevcrthcless, from the standpoint of maximum 
speed alone, the ram-jet excels the turbojet by as good a margin os 
the latter excels the propeUcr. 

The rocket airplane excels in speeds at nil altitude by a wide margin. 
At SCR level the ram-jet is capable of competing for high speed, and 
nt altitudes up to 30,000 feet it also is siinilar in speed for best climb, 
Since tlie rocket thrust remains constant, tho rocket airplane is capable 
of increasing its Much Nundier with increase in altitude until it reaches 
souic velocity at about 24,000 feet. Thereafter maximum air speed 
increases rapidly with altitude, the maximum limitation being imposed 
purely by the available fuel. 

Speed for best climb b of interest, showing a best climbing speed 
at approximately constant Mach Number up to the tropopausc. Be¬ 
yond this altitude the lower drag rolling from lower air densities 
enables the best climbing speed to increase until at about 6T/X)0 feet 
Mflch Number LO Is reached. Beyond this altitude, of course, per¬ 
formance is dictated entirely by the available fuel consideratioii. 

8. Rates of elirnb and oeilings (fig. 19).—Maximum rates of climb 
for both tlie propeller and turbojet airplanes are similar, Tlie latter, 
how®^^, climbs at a much higher air speed, giving it a considerable 
advantage in combat in that It therefore can determine the conditions 
of engagement in comtiat or terminate it at will. The absolute ceiling 
of 4T,000 feet, compared with 41,500 feet, also adtls to this advantage. 
Climb and speed calculations for the propeller airplane are practically 
independent of the small fuel consumption, while in tho cose of the 
other three airplanes gross weight has necessarily been reduced ac¬ 
cording to the rat® of fuel consumption. It should ho noted that tlie 
larger fuel load in percent of gross weight for the turbojet will result 
in uppreciabl® improvement in climb performance during tactical 
operation. 

Again, the excellence of low-altitude performance is noted for lha 
ram-jet airplane. Since its thrust falls off with air density, its ceiling 
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is found to bo low. The extremelT high climbing speeds should be 
taken into consideration in tactical opentiotis. 

The rodket airplane shows amazing rates of climb at all altitudes, 
varying from 28,500 feet per minute at sea level to 56,500 feet per 
minute at 00,000 feet, where it runs out of fuel. This oirplaae will 
coast to about 75,000 feet. Rate of cUmb reduces considerablj at 
36,000 feet, because of the reduced speed for beat climb, resuldng in 
less thru^ horsepower available at constant thrust. As cUmbing 
speeds approach and exceed M = 1,0, these powers become extremely 
large. For instance, 67,000 feet and 6G0 miles per hour in climb 
represents 16,000 thrust horsepower. Climb performance has been 



integrated and weight variation accounted f or, including that required 
for linear acceleration along the flight path. 

Time to climb and absolute ceilhig may be compared in the follow¬ 
ing table, where the rocket ceiling is given as that altitude at which 
fuel is exhausted. 
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4. Range (5gs. 20 and 21).—In detemunmg Tange end climb per* 
formoRce the ttinoitnt of fuel consumed in climb is important, except 
In the case of the propeller. The following table compares the fuel 
consumptions in climb. 
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As seen from the tablei the gross ireight change for the propeller is 
stn&ll and for proctical purposes may be neglected. Fuel expenditure 
lor the nun-jet is not comparable with tlie others in that take-off and 
acceleration to 350 miles per hour is accomplished by auxiliary means, 
for which no allowance has been made. Both the ram-jet and rocket 
are extremely uneconomicah Tlie rocket necesHtrily suffers tn climb¬ 
ing to higher altitudes where it becomes most efficient, while the ram¬ 
jet is essentially a low-altitude airplane. Although the turbojet bums 



more fuel in climb than the propeller, a greater percentage of fuel 
remains after the dimb, owing merely to the fact Uiat fuel is a much 
larger percentage of the gross weight 
Bcfcrring to figure 20, tlie range versus air speed at sea level and 
St 20,000 feet is shown, which does not include the distance traveled in 
climb. Although tlie propeller has greatly superior maiinium range, 
it obtains at an extremely low air speed (200 miles per hour), and a 
limited range of speeds. At 20,000 feet and the same air speed (360 
miles per hour), the propeller and turbojet are equal in range. 
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ilaiimum range for the turboiet^ altiiougli considerably less than 
for the propeller, occurs at 150 miles per hour faster air speed, or 
a 46-peroent reduction in time for equivalent range. Speed for best 
range increases with altitude in both cases. An outstanding character¬ 
istic of the turbojet is its relative insensitiTity to air speed insofar 
as range is oonoemed, the only power-plant variable being engine 
revolutions per minute. In the case of the propeller, as previously 
mentioned, a number of variables must be carefully controlled within 
close limits to attain optimum range. 

The ram-jet suffers still greater in range, hut maximum raiige occurs 
at extremely high air speeds, above 600 miles per hour. In tliis ease 
ouly, speed for economical operation decreases with altitude. 

Hange characteristics for the rocket indicate a wide speed range, 
360 to 500 miles per hour, with an exceedingly limited range, about 
100 miles. 

Figure 21 shows the variation in masimura range with altitude, 
including the distance traveled during dimb. The relative maximum 
ranges and the altitudes at which tliey occur, up to 40,000 feet, are 
compared; 
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Whereas the propeller has the greatest range, it occuia at sea level. 
At altitudes above 35,000 feet, tango for the turbojet is superior. Both 
oir-stteom engines and the rocket show maximum range increases with 
altitude of from 18 percent to 250 percent, contrary to the propeller. 

CONCLUSIONS 

1, PropeUcr airploju^^ia) A practical maiimam speed lirnimtioti 
not much in excess of 500 miles per hour is apparent. Maximum 
speeds obtain in the 20,000- to 30,000-foot range. 

(6) Because of superior range, the propeller typo of propulsion 
ciuiiiot bo supplanted at the pr^nt time. Maximum range is rela¬ 
tively insensitive to altitude up to engine critical altitude. 

(c) Greater pay loads possible in addition to range make com¬ 
mercial application and long-range bombers most attractive. 

((i) Cruising and climbing speeds ore slow. 

(c) Operation above 40,000 feet appears impractical except possibly 
in the case of power plants incorporating the gas turbine. 
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(/) Maiinnim rata of climb oectirs at sea IcTol. 

(ff) Fiirtlier improTementa, adaptations, and variations be 
widely developed in terms of compound and gas-iurbine engines and 
various combinations of theuL 

2. Tvrlojet airplane> —(a) High maiimum gjjeeds where relatively 

IS mak^ this airplane mandatory for militarr 

applicatfoD, Masimum speed occui-a at sea level, 

(6) Again, for short-range premium operation in commercial fields 
this power plant is ntti-active. Bange improves markedly with alti¬ 
tude, ftud economical cruising speedsnre reJatively high. 

(c) Eclatively high operating altitudes, at least up 6o 30,000 feet, 
are feasible. At high altitudes respectable range is obtained, 

id) Maximum speed of the order of 650 to GOO miles per hour and 
above at sea level is ideally suited for air-to-ground military operation- 
(e) Maximum rate of climb occurs at sea level, 

{/) Speeds for maximum rate of climb are reasonably high, 

3. Jfflm-jfit airplane.—(a) Maximum speed, of the order of 650 miles 
per hour, occurs at sea level. 

(5) Climbing speeds are exceptionally high, bebg witliln 6 to 10 
percent of maximum ievel-fiight speeds. 

(o) Bange is ^tremely limited, representing some 60 percent of 
that for the turbojet, and also increases considerably with altitude. 

(d) Maiimum rate of climb at sea level is exceptionally high, but 
falls off rapidly with increase in altitude, resulting In a rather low 
ceiling, below «,000 feet 

(a) Auxiliary take-oft means are required, 

(/) Performance characteristics indicate that the ideal application 
would be in the field of low-altitude, flat trajectory missiles against 
^ch targets as battleships and aircraft carriers in particular. Air 
launching would probably be more practical than surface launching. 

4. pocket airplane.. —{a) This is the only man-carrying airplane 
capable of flight at supersonic speeds, which distinguishes this type of 
propulsion from the others considered, 

(i) Range Ib c.\tremely limited and increases sbghtly with altitodc, 
(v) As in the case of maximum speed, so also does rate of dimh 
increase phenomenally with altitude, 

(li) Ceiling, speed, and climb performance are limited only bv the 
amount of fuel it is possible to carry. 

^ (a) Performance characteristics indicate ideal application to mis¬ 
siles following a trajectory. Peak altitudes greatlv exceeding the 
capability of any other nian-mudo mechanisms are po^ible. Missile 
ranges can be vastly extended. 

{/) Highly specialized applications in terms of research airplanes 
and interceptors are evident. A researcli airplane could be used to 
conduct testa m level flight for application to high-speed and diving 
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problems en countered on other types of airplanes. Target-seeking 
interceptor missiles powered ro^et motors should be most eflectivoy 
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